New Chesterfield Station of Virginia Electric and Power Company 


a 


CHESTERFIELD POWER STATION } 


Compressibility Factor 


» 














Because the world needs oil in a hurry 





Today the world demands and gets its oil in vaster 
quantities and with far greater speed than was ever 
dreamed of in the days of the early whalers — the 
first oil tankers. Shown here with “a bone in her 
teeth” is one of America’s newest 16,500-ton tankers 
built by Marinship Corporation at Sausalito, Cali- 
fornia. She completely dwarfs the old windjammer in 
carrying capacity. 

In speed, too, these new ships represent a notable 
achievement. Powered by modern high pressure boilers 
supplying electric turbine-generators rated at 10,000 
horsepower, they are among the world’s fastest tankers. 
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The boilers, illustrated at left, which power a number 
of these high speed tankers are C-E Steam Generators, 
Type V2M, designed and built by Combustion Engineer- 
ing. Each unit has a normal capacity of 43,000 |b of 
steam per hr, at 600 psi operating pressure and 825° F 
total temperature, and is designed for an operating 
efficiency not exceeded by any boiler in marine 
service today. 

Other C-E Boilers of this same general design are 
installed in C2 and C3 ships, transports, ore-carriers, 
destroyer escorts, escort carriers and a variety of naval 
auxiliary vessels such as submarine tenders, mine 
layers, and similar ships. A-6268 
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stat—the boiler water level responsive 
element of more than 65,000 COPES 
Feed Water Regulators. 
Aggressive research for 35 years has 
failed to uncover any other device as ideal 
for the purpose. 


oT ae represents the COPES Thermo- 


True, many mechanical improvements 
have been made. Frequently there are 
new adaptations to solve specific problems. 
Several styles are available for different 
types of COPES Regulators. But funda- 


in water level, the tube must contract. This 
movement, amplified by the lever, operates 
the feed water control valve either by 
direct mechanical transmission or by pilot 
valve fluid transmission. 


Outstanding Advantages 
1. SIMPLE. Just an alloy tube and 
lever. No floats, stuffing boxes, pressure 
chambers, liquid charges, fins, orifices, or 
concealed parts. 
2. DEPENDABLE. Utilization of an un- 





@ Illustrating how the 
Thermostat is utilized THERM 
with one type of 
COPES Feed Water 
Regulator—in this in- 
stance, a direct oper- 
ated single element 


water level control. 
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mentally the COPES Thermostat is still 
unchanged and unequalled. 


é 
How It Operates 


An inclined metal tube is mounted 
between two channels of a rigid steel frame. 
One end of the tube is anchored to the 
frame; the other end ¥s attached to an 
angle type lever. 

The interior of the tube is connected to 
the boiler drum similar to a water column, 
steam filling the upper part, and water the 
lower part. Corresponding water levels al- 
ways exist in the tube and the boiler. 

The water filled part of the tube is 
relatively cool due to radiation. Therefore 
when the water level lowers, permitting 
more hot steam to enter, the average 
temperature of the tube increases. The 
tube must expand. Conversely, with a rise 


breakable natural law without structural 
complication. 


3. FULLY AUTOMATIC. Repeats per- 
formance continuously without periodic 
attention. 

4. POWERFUL. Recall your own experi- 
ences with the tremendous forces developed 
by expansion and contraction. 


5. RESPONSIVE. Grasp a pipe and 
shoot live steam into it. How quickly will 
you let go? Tests prove the COPES Ther- 
mostat responds to level changes 5 to 8 
times faster than other devices. 


6. ACCURATE. Minute changes in water 
level cause the tube to react as if by 
micrometer adjustment. All movement is 
transmitted smoothly with no lost motion, 
since working parts are kept in tension by 
weight or spring loading. 





7. STURDY. Built to withstand use and 
abuse. 

8. LONG-LIVED. Usually outlasts the 
boiler. 

9. NON-FOULING. No fins to catch dust 
or dirt. Condensate keeps interior clean 
and scale free. 

10. ADJUSTABLE. Nuts at the fixed end 
of the tube permit easy adjustment of water 
level setting with the regulator in service. 

11. ADAPTABLE. Performs indoors or 
outdoors with climatic temperature from 
—40° to +110°F. Available in all pressure 
standards and several types to meet space 
requirements of any installation on land 
or sea. 


Assures Superior Results 

The superiority of the COPES Ther- 
mostat is just one important reason why 
COPES Feed Water Regulators provide 
the maximum of Safety and Economy. 

Why not consider COPES for your 
boilers? A free survey, gladly made by our 
engineers at your invitation, may point 
the way to substantial benefits. 

For detailed information on COPES Feed 
Water Regulators, write for Catalog 12-41. 


NORTHERN EQUIPMENT CO. 


1146 GROVE DRIVE + ERIE, PENNSYLVANIA 





Feed Water Regulators * Liquid Level Controls 
Pump Governors ° Differentia! Valves * Reduc- 


ing Valves and Desuperheaters 





BRANCH PLANTS IN CANADA, ENGLAND 
REPRESENTATIVES EVERYWHERE 
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Six-Year Report on 
Electric Utilities 


In view of the varied opinions expressed as to the pres- 
ent and future state of the electric utility industry, many 
undoubtedly based on individual cases, it is informative 
to read the report just released by the Federal Power 
Commission covering the financial record of the electric 
utility industry for the six-year period 1937-1943. This 
covers all such utilities having electric revenues in excess 
of $250,000 a year, which comprises approximately 98 
per cent of the privately owned electric utilities. 

Over the six years kilowatt-hour sales have increased 
75 per cent, generating capacity 22 per cent, the number 
of customers 15 per cent and gross revenues 38 per cent. 
Despite these figures, the plant investment has increased 
only 7 per cent—a fact probably attributable, in part, to 
greater use of reserve capacity in many cases and to 
more extensive interconnection. The major part of the 
increase in output, of course, occurred in the last three 
years, whereas the greatest increase in number of cus- 
tomers was in the first three years. 

The average investment in plant per dollar of gross 
revenue was $4.28 in 1943, by which time the operating 
expenses had increased 36 per cent, although there was 
little change in the ratio of operating expense to revenue. 
As might be expected, taxes practically doubled. 

It is significant that the foregoing has been achieved 
with no increase in electric rates and at a time when gen- 
eral price indexes have advanced sharply, some of which, 
as in the case of fuel and labor, have directly affected 
utility operating expense. 

Although the rate of return on utility bonds decreased 
by more than one per cent during this period, the income 
from operations available for investors remained nearly 
constant. Thus, the report concludes that the utility in- 
dustry, as a whole, is now in a strong position 


Three Terms or Two 


The accelerated program of engineering courses, in- 
volving three terms of almost continuous study in our 
principal engineering schools, was initiated as a war 
measure and it is possible that there may be some agita- 
tion to extend the plan to peacetime education, especially 
in view of the Veterans Act which extends government 
assistance to those desiring to complete their education. 

However, many prominent educators in the technical 
fields are of the opinion that it would be a grave mistake 
to continue the accelerated programs after peace has 
been declared. They feel that the plan not only does 
not afford sufficient time for assimilation’ of funda- 
mentals, but that, in the engineering field especially, 
it is most desirable that the student supplement his 
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classroom work with practical experience through sum- 
mer employment in industry. They point out that such 
vacation jobs provide an opportunity for the student 
to rub shoulders with the workers and to become con- 
versant with the latter’s viewpoints, which knowledge 
should be of inestimable value in later years if called upon 
to handle any labor relations problems. 

Admittedly, vacation employment, as distinguished 
from regular student training courses for engineering 
graduates as practiced by many companies, is often a 
burden to industry; but there is some compensation 
in the fact that it affords management an opportunity 
to size up the students’ qualifications and thereby to 
select and follow up those it would like to employ after 
graduation. 

The transition from a more or less war-disrupted 
educational system to normal procedure will take some 
time and educators are now properly giving much 
thought to what lies ahead, particularly as engineering 
training seems certain to play an important réle in the 
post-war period. 


Close Collaboration Needed 


A given steam turbine will operate equally well in the 
East, the West, or abroad, so long as the steam conditions 
are appropriate. Steam, its motivating medium, knows 
no geographical limits. The same may be said of some 
other power apparatus, but not of fuel-burning equip- 
ment, particularly stokers. Excepting perhaps the 
spreader type which carries wider latitude in fuel selec- 
tion, stoker designs are predicated on the characteristics 
of the fuel available to the localities in which they are to 
operate. Not only do the coals themselves vary over a 
wide range, but mining methods, blending practices, siz- 
ing and marketing conditions are changing. To a lesser 
degree this situation also applies to pulverized coal firing 
in whicii grindability and ash characteristics are most im- 
portant. 

It therefore behooves coal producers, marketers and 
stoker manufacturers to work in close collaboration, to 
the end that each may be fully conversant with the 
others’ problems and the user be guided in the selection 
of equipment and the purchase of coal to suit it. 

Recognizing that coal producers, equipment designers 
and users had a mutual problem, the Coal Division of the 
A.I.M.E. and the Fuels Division of the A.S.M.E. several 
years ago initiated joint annual conferences. This year, 
because of railroad traffic congestion, the meeting which 
was held at Charleston, W. Va., late in October was 
made a local meeting, rather than one national in scope. 
Although the reason was sound, it was most unfortunate 
that this should have been necessary at a time when the 
fuel situation is more chaotic than it has been in many 
years. 
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CHESTERFIELD POWER STATION, 


Virginia Electric and Power Co. 


By F. H. SPIES, Plant Superintendent 


Because of the materials situation exist- 
ing at the time this new station was de- 
signed, unusual expedients were adopted 
in the building construction in order to 
use a minimum of steel; also transite 
conduit and substitutes for rubber insula- 
tion were employed throughout. Built on 
the unit plan with an initial capacity of 
50,000 kw and a contemplated ultimate 
capacity of 200,000 kw, the station em- 
ploys 875 psi pressure and 900 F total 
steam temperature. 


at the Chesterfield Power Station on July 31, 
1944. It represents the sixth major addition to 
the generating facilities of the Virginia Electric and 
Power Company since 1936, and the first unit in a new 
power station having an ultimate capacity of perhaps 


Avene s capacity unit was placed in operation 





200,000 kw. This station is located on a 200-acre tract 
of land on the south bank of the James River, approxi- 
mately 15 miles south of Richmond, Va. 

The station was engineered and constructed under the 
supervision of the Stone & Webster Engineering Corpora- 
tion. Purchase of equipment and construction materials 
was largely made in 1942 at a time when the procurement 
of such was most difficult due to the wartime restrictive 
programs of various government agencies. Therefore, 
simplifications and minimum use of critical materials 
became the keynote of design. 

A single-unit station comprising a condensing turbine- 
generator, a pulverized-fuel-fired steam generator, and a 
step-up transformer bank was given favorable considera- 
tion. Equipment was urgently needed because of rap- 
idly increasing war loads and the capacities selected were 
primarily determined by the expediency with which the 
equipment could be secured. It is believed, however, 
that the unit station selected formulates a satisfactory 
basic design for future extensions to Chesterfield Power 
Station. 





Erection view showing transite siding applied to wood girt system 
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Section through station 








Building Construction 


The main power station building is approximately 240 
ft. long, with varying widths from 90 ft at the boiler 
room to 113 ft at the turbine room, and with varying 
heights above ground elevation from 67 ft at the turbine 
room to 106 ft at the boiler room. The entire structural 
frame from the condenser floor to the turbine operating 
floor and to the burner floor in the boiler room is con- 
structed of reinforced concrete. This type of construc- 
tion is applied to the entire coal bunker area including 
the 1500-ton capacity coal bunkers. Reinforced con- 
crete columns of 2 ft 6 in. by 5 ft 6 in. cross-section sup- 
port the coal bunkers and one runway of a 100-ton ca- 
pacity turbine room crane. Structural steel framing is 
confined to the outside walls, to the roof, and to the 
boiler supports. The exterior walls are constructed of 
corrugated asbestos cement siding supported on wood 
girts attached to the steel structural framing. Wood sash 
and doors are used throughout the station except where 
fire doors are required. The roof design utilizes precast 
cement tile supported on wood purlins in the turbine 
room and steel purlins in the boiler room. Stairs and 
walkways are constructed of steel framework with pre- 
cast cement stair-treads and tile. Wood hand railings 
are used throughout. Duct-work for the distribution of 
filtered air for station ventilation is also constructed of 
reinforced concrete. ; 

All auxiliary structures and buildings which are of a 
permanent nature are of the same general construction. 
The departure from normal power plant practice in the 
design of the buildings required the use of some 25,000 
cu yd of concrete; whereas, normal practice would have 
required only approximately 10,000 cu yd. 
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Steam-Generating Unit 


Steam for the station is supplied by Combustion En- 
gineering Company steam-generating equipment. This 
unit is pulverized-coal fired and rated at 525,000 Ib per 
hr steam delivery for continuous operation, or 575,000 
Ib per hr for four-hour peak operation. Steam condi- 
tions at the outlet of a two-stage interbank superheater 
are 875 psi gage pressure and 900 F total steam tempera- 
ture. 

The boiler is a three-drum bent-tube type with a com- 
pletely water-cooled furnace of the sloping-tube dry- 
bottom type. It is enclosed by a removable sectional 
transite casing except over the roof and headers which 
are encased with steel plate. The furnace is designed for 
a heat release of 19,600 Btu per cu ft per hr at rated ca- 
pacity. Average furnace heat absorption at rated capac- 
ity is 56,600 Btu per sq ft per hr with a maximum heat 
absorption of 62,200 Btu per sqft perhr. The boiler hasa 
heating surface of 23,645 sq ft, the water walls 10,560 sq 
ft and a furnace volume of 34,500 cu ft. 

The furnace is arranged for tangential firing. Fuel 
burner equipment consists of twelve coal burners, four 
fuel oil burners for light steaming purposes and four fuel- 
oil ignition torches. Three coal burners, one oil burner 
and one ignition torch are located in each corner of the 
furnace. The coal burners are arranged for adjustment in 
the vertical plane by remote manual control from the 
boiler operating board. This adjustment in conjunction 
with the operation of the superheater by-pass damper is 
used to control superheat temperature and to improve 
firing conditions in the furnace at light loads. 

Three 14-ton per hour bowl-type pulverizers with inte- 
gral exhausters and separate floor-type feeders are pro- 
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vided. Each mill supplies one burner per corner. The 
capacity of the pulverizers is such that the boiler can be 
operated at rated steam output with one mill out of serv- 
ice. 

Two horizontal-shaft Ljungstrom regenerative-type 
air preheaters are installed at the boiler gas outlet. Each 
of these has 31,300 sq ft of heating surface. 

The calculated performance of the steam-generating 
unit is as follows: 


Actual evaporation, lb per hr 265,000 400,000 525,000 
Feedwater temperature, F 331 355 380 
Total steam temperature, F 854 900 900 
Boiler exit gas temperature, F 630 700 760 
Air heater exit temperature, F 355 378 405 
Overall efficiency, per cent 86.5 86.2 85.6 


Two Sturtevant duplex draft fan units serve the steam 
generator. Each duplex unit consists of a single-inlet 
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Section through steam-generating unit 


forced-draft fan and a double-inlet double-width in- 
duced-draft fan mounted on a common shaft and driven 
by a single direct-connected 800-hp, 875-rpm constant- 
speed motor. Each forced-draft fan has a capacity of 
90,000 cfm at 11.5 in. wg static pressure and each in- 
duced-draft fan has a capacity of 160,000 cfm at 14.0 
in. wg static pressure when handling 420 F gas. The fan 
capacities are controlled through inlet vane positioning 
on both the induced- and the forced-draft fans. 

The duplex fan units have integral auxiliary equip- 
ment for cinder elimination at the induced-draft fan 
inlets. This consists of an auxiliary motor-driven fan at 
each induced-draft fan inlet and cinder collector. A 
centrifugal force is imparted to the exit gas as it passes 
through the inlet boxes, which causes the cinders to be 
thrown to the periphery of the volute boxes. The auxil- 
iary fans function to “‘skim off’’ the cinder-laden gas fol- 
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lowing the periphery, to pass it through the cinder-sepa- 
rating cyclones and finally to discharge the cinder-free 
gas back to the fan inlet box. The cinders are deposited 
in a water-sealed hopper and are removed continuously, 

It is estimated that the cinder-eliminating equipment 
will operate at approximately 85 per cent efficiency and 
that this will be sufficient to prevent excessive erosion of 
the inlet vanes, rotating element, and housing. It will 
also be sufficient to prevent a dust nuisance in the rural 
district near the plant. 

Boiler gases are discharged to a perforated radial- 
brick stack of 12 ft inside diameter, and 200 ft in height 
above the foundation mat at ground elevation. The 
stack is provided with flood lighting in compliance with 
the aviation obstruction marking requirements. 

The ash-handling equipment for the dry-bottom fur- 
nace consists of a sectional cast-iron refractory lined ash 
hopper, oscillating ash rejection nozzle assemblies, 
sluiceways, one stationary double-roll clinker grinder, 
two ash pumps and the necessary piping to convey the 
pump discharge to a waste land dump. 


Turbine-Generator 


The Chesterfield Station turbine-generating unit is of 
General Electric Company manufacture. The genera- 
tor is hydrogen cooled and is rated at 50,000 kw, 0.8 
power factor, three-phase, 60-cycle, 3600 rpm, 13,800 
volts and is designed for a 0.9 short circuit ratio. When 
operating on air the generator can be operated at 60 per 
cent of its kva rating. With the hydrogen pressure in- 
creased from a normal '/2 psig to 15 psig, the generator 
capacity is increased to 72,000 kva at 0.88 power factor. 
The main and pilot exciters are air cooled and are driven 
from the main shaft through a 2-to-1 reduction gear. 

The turbine has 21 stages and is designed for throttle 
conditions of 850 psig pressure and 900 F total steam 
temperature, and with exhaust to a surface condenser. 
Four stages of extraction are provided for regenerative 
feedwater heating and supply to a 200-psig auxiliary 
header. Overload capacity is 62,500 kw. Following is 
the calculated performance of the turbine-generator 
based on nonextraction operation: 


Water Rate at 1.75” Water Rate at 1.5” 


Load on Unit, Kw Power Factor Absolute Pressure Absolute Pressure 


62,500 1.00 7.84 7.80 
56,250 0.90 7.78 7.74 
50,000 0.80 7.74 ; 7.69 
37,500 0.80 7.84 7.74 
25,000 0.80 8.16 8.05 


The surface condenser is a two-section single-pass unit 
having 35,400 sq ft of condensing surface, with steel tube 
sheets and Admiralty metal tubes. Circulating water is 
supplied by two 45,000-gpm vertical propeller type sub- 
merged circulating water pumps located in a screen well 
at a pump house on the river bank. The intake well 
structure at the pump house is equipped with two travel- 
ing screens, each 8 ft wide and 42 ft long. 


Electrical Equipment 


The turbine-generator leads are carried overhead di- 
rectly from the generator through the turbine room wall 
to.a wood-pole bus structure on the south side of the 
building. Two 3000-amp 1,000,000-kva interrupting ca- 
pacity oil circuit-breakers are connected in tandem in the 
generator to the step-up transformer circuit. 

The step-up transformer bank consists of three 20,000- 
kva 13,200/66,450-volt (115,000 volt Y) single-phase 
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oil-insulated farced oil- and air-cooled transformers. 
Each transformer has two integral copper fin-type steel- 
tube radiators supported from an extension of the trans- 
former base at each end. Valves are provided in the oil 
ducts between the tank and radiators so that the ra- 
diators can be removed without draining the tank. The 
radiators are served by individual motor-driven cen- 
trifugal oil pumps. These pumps and motors are com- 
pletely immersed in oil, the oil being circulated through 
the motors by means of a hollow shaft. Heat dissipation 
is promoted by nine forced-air fans on each radiator. 
These fans operate in groups of three and are under au- 
tomatic thermostatic control. With one radiator, in- 
cluding fans and oil pump, out of service the transformers 
have a capacity of 14,000 kva each. 

A 13-mile single-circuit wood-pole H-frame, 110-kv 
transmission line with two ground wires connects the 





Burner arrangement at one corner 


Chesterfield Power Station to the Virginia Electric and 


Power Company transmission system near Petersburg, 
Virginia. 

Two voltages are employed for station service, all 
power load in excess of 100 hp being fed directly by indi- 
vidual 2300-volt feeders, and 460-volt power is provided 
for general station use. The 2300-volt service power is 
obtained from a 5000-kva bank of 13.2/2.3-kv trans- 
formers installed at the outdoor structure. The 460-volt 
power is obtained from two 2.3 kv/460-volt three-phase 
transformers located in the main power station building. 
All station service power is distributed from metal-clad 
withdrawal-type air circuit-breaker switchgear. 

The 2300-volt station service transformer bank is con- 
nected solidly between the two 13,800-volt oil circuit- 
breakers in the generator to the step-up transformer bank 
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circuit. This provides a flexible switching arrangement 
with minimum equipment. Station service power can be 
supplied by the generator if the transmission-side breaker 
is open or by the transmission line if the generator-side 
breaker is open. 


Boiler Feedwater Heating 


The water cycle for the station employs three feed- 
water heaters and utilizes steam from four stages of ex- 
traction. The first and second heaters are of the vertical 
cylindrical shell direct-contact type, whereas the third 
heater is of the horizontal bent-tube closed type. 

The No. 1 heater utilizes steam from the 18th stage 
extraction; the No. 2 heater from the 12th stage extrac- 
tion; and the No. 3 heater from the 6th stage extraction. 
The 3rd stage extraction supplies steam for the operation 
of feedwater evaporators and for the 200-psig steam 





ID, fan with cinder eliminating equipment 


header, A 900- to 200-psig reducing and desuperheating 
station supplements the 3rd stage extraction in supplying 
the low-pressure header demand. 

Condensate from the condenser hotwell is pumped by 
two 438,000-Ib per hr centrifugal motor-driven pumps to 
the No. 1 heater. The latter discharges to the suction 
of two 500,000-lb per hr motor-driven centrifugal 
booster pumps which, in turn, deliver water to the No. 2 
heater. The No. 2 heater discharges to the suction of 
three boiler feed pumps which deliver the water by way 
of the closed type No. 3 heater to the boiler. The boiler 


‘feed pump equipment consists of one 305,000-Ib per hr 


motor-driven pump, one steam-turbine-driven pump of 
the same capacity, and one 550,000-Ib per hr steam-tur- 
bine-driven centrifugal pump. 

All boiler feedwater makeup and cooling water for the 
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Boiler control board 


station originates from the James River. Precipitator 
equipment of 1300 gpm capacity was installed to supply 
clarified water to bearing cooling coils, raw-water seals, 
turbine-oil and hydrogen-cooling equipment, and to the 
equipment supplying station makeup. The use of clari- 
fied water on heat-exchange equipment will facilitate 
maintenance of high-efficiency heat transfer. 

Boiler feedwater makeup is supplied by single-effect 
24,000-Ib per hr bent-tube evaporators, the water in the 
evaporators having been filtered and softened. Internal 
treatment of boiler water to date has consisted of main- 
taining a desired alkalinity and phosphate concentration, 
and the, adjustment of a continuous blowdown to limit 
silica and total solid concentration. 


Coal Handling 
Coal is handled in the yard by diesel-operated tractor 


equipment and an eleven-yard capacity scraper. The 
storage capacity of the coal yard is approximately 150,- 


View of turbine room 
and condenser well 
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000 tons. A 30-in. rubber belt conveyor having a capa- 
city of 200 tons per hour is employed for moving coal 
from the yard to the overhead bunker in the station. 
This belt conveyor is housed by transite sheeting and 
equipped with a magnetic pulley, a hammer-type coal 
crusher and metering equipment. 

The extensive use of combustible materials for struc- 
tural purposes at Chesterfield dictated that fire-fighting 
equipment of elaborate installation was necessary. A 
motor-operated 1000-gpm fire pump which takes its 
suction from a trapped section in the circulating water 
discharge tunnel was installed in the station. A dupli- 
cate capacity pump with a gasoline-engine drive was in- 
stalled outside of the main power station building, and 
takes its suction directly from the river. A complete 
network of fire lines with suitably located hydrants and 
hose equipment is provided. Also, the oil room and 
part of the conveyor system are provided with auto- 
matic sprinkler protection. 

Conservation of critical materials was made wherever 
possible in the construction of Chesterfield Station. 
The substitution of concrete for steel in the construc- 
tion of the building superstructure, coal bunkers, air 
ducts, etc., was done at a large expenditure of man-hours 
and money. The extensive use of wood has injected an 
element of high maintenance cost or eventual replace- 
ment. 

Many other interesting substitutions were made. 
Electrical metallic tubing and transite conduit were used 
almost exclusively in the place of iron products. Con- 
duit junction boxes and pull boxes were fabricated from 
sheet transite. No rubber-insulated wire was used on 
the job, all wire being of synthetic, varnished cambric, or 
oil-base compound insulation. 

The 48-in. underground pipes which supply circulating 
water from the screen-well pumps to the condenser are 
constructed of sectional reinforced concrete prefabricated 
pipe. These pipes, approximately 350 ft in length, 
would normally be fabricated of steel plate with a pro- 
tective coating. 
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he forced oil- and air-cooled 60,000-kva transformer 
bank, though less efficient than a self-cooled transformer 
bank, was selected because of a 40-ton saving in critical 
materials, which represented a 35 per cent saving. 

Brief mention was previously made of the use of trans- 
ite sheeting for the boiler casing, transite siding for the 
coal conveyor, steel tube sheets in the condenser, and 
carbon steel tubes in the high-pressure heater where en- 
gineering judgment dictated the use of cupro-nickel tubes. 

\t this writing the Chesterfield Power Station has been 
Preliminary tests 
have indicated that a large percentage of the equipment 
is operating satisfactorily and meeting the manufactur 
The steam-generating equip- 
the turbine-generator have been subjected 


in operation approximately ten weeks 


' 


ers’ efficiency guarantees. 


ment and 


to full load tests. 


been carried. 


war. 


Steam loads of 640,000 Ib per hr and 
electrical loads up to 69,000 kw at unit power factor have 
Auxiliary equipment under these tests 
functioned satisfactorily. 

The continuous operating capacity of Chesterfield 
Station is not less than 60,000 kw with reliable peak ca- 
pacity of 65,000 kw. 
this new station was constructed at a cost of approxi- 
mately $103 per kw of capacity. 
favorably with the cost of installed capacity prior to the 


On the basis of 60,000 kw capacity 


This compares very 


Operating records indicate that at loads averaging 
50,000 kw the station heat consumption is 11,700 Btu 
per net kilowatt-hour and that the station is operating 
at an overall efficiency of 29 per cent. 


Principal Equipment, Chesterfield Power Station 


Location——Chester, Va 
Initial capacity—50,000 kw 
Operating conditions, 
PRESSURE—-875 psig at superheater outlet 
rorat STEAM TEMPERATURES—-900 F 
Designed and built by Stone & Webster Engineer 
ing Corp., 1942-44 


Steam Generating Equipment— Furnished by 

Combustion Engineering Company 

Borter—One 3-drum, 3-pass, bent-tube, dry- 
bottom type; rated at 525,000 |b per hr, con 
tinuous or 575,000 Ib per hr for 4 hr: 975 
psig design pressure; equipped with Ele 
two-stage, convection interbank superheater 
with bypass damper control (Hagan Corp 
positioner) and two /jungstrom regenera 
tive-type, horizontal-shaft air preheaters 
Steam washer of the C.-. bubble type Ef 
fective heating surfaces 
water walls, 5442 sq ft 
sq ft; air preheaters, 62,600 sq ft 
Furnace volume 34,200 cu ft 

BOILER ACCESSORIES 
in. and five 3-in 
and two 3-in 


Safety valves, one 2 


Consolidated on superheater 





boiler, 23,645 sq ft; 
superheater, 14,100 
(total). 
91/6 


Consolidated on steam drum 


Blowoff valves, Cochrane tandem type; stop 
check, blow-down drum-vent and drain 
alves Fdward entinueus blewdown 
t sac Dlewell tank. Richmond: water 
. . om es I) > 
e vere 7” : ’ 7 . 
’ qu 
> @: oo“ ’ * 
om . . . : * ’ ‘ . 
. > : e h 
sme wt eepplied ry , 7 
mpamy with Meggles Alingemann valves 
atteee Iheece 4 Nayttun ow ms 


f J3.400 1} per br capacity 
moieture and 550-F air each driven by 


with © per cent 


200-hp Allis-Chalmers motor 
FPans—Two duplex with cinder collectors, 
B. F. Sturtevant; forced-draft fans, 68'/: in. 


wheel diameter and induced-draft fans 84'/« 

in. wheel diameter; 

rpm Allis-Chalmers motors 
Compustion Controi-—Bailey Meter ( 
Ductwork—Connery Construction Co 


Coal Handling Equipment 
tons per hr to and from storage; 
Link Beli Company 
Ash-Handling Equipment 
en-Sherman-Hoff system, 
gpm of ash-laden water 


Fly Ash Handling 


capacity 


pacity. Ash sluice pumps 
driven by 125-hp Allis-Chalmers motors 


Steam Turbine-Generator 
(ne 50,000-kw (62,500 kw overload), 850 psig 


xtraction, hydrogen-cooled 

».; with one direct-driven 210-kw exciter 
\lso one 250-kw G.E. exciter 
verry steam turbine 








driven by 800-hp, 875- 


spacity, 200 tons per hr to boiler house, 175 
supplied by 


LOOO 


tited Conveyors system of 9 tons per hr ca- 
Ingersoll-Rand 


575 F normal at throttle, 3600-rpm 4 points 
General Electr 


driven by 
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Virginia Electric and Power Company 


(Space does not permit a complete listing) 


TURBINE AUXILIARY EQuremMentT—Oil filtering 


and storage, S. wser system; Turbine 
Equipment Co. oil conditioning with De 
Laval “Uni-Matic”’ oil purifiers. Atmos- 
pheric relief and bleeder reverse-current 


valves furnished by Atwood & Morrill Co. 


Surface Condenser 
One horizontal, single-pass, 35,088-sq ft, 425,- 
000-Ib per hr condenser with 312-sq ft twin 
external air precooler, and Admiralty seam- 
less tubes expanded and belled at both ends, 
furnished by Ingersoll-Rand Co. and equipped 
with air ejectors 


“ondenser circulating-water pumps-—two ver- 


o 


tical, one-stage propeller type, each rated at 
$5,000 gpm with 2-ft suction and 38 [ft 
normal dynamic head and driven by 450-hp 


i-phase, 2200-volt Westinghouse motors 
‘ondensate pumps-—-Two horizontal, three- 
stage impeller type, each rated at 340,000 
Ib per hr under 223 ft normal dynamic head 
and driven by two 75-hp 3-phase 440-volt 
Westinghouse motors 
Circulating water lines furnished by Warren 
Foundry & Pipe Co.; circulating water 
valves of the flanged gate type by Chapman 
Valve Mfe. Co.: and other valves by Home 
ead, Elliott, and Swartwout 


r 


W ater-Sottening Equipment 


weliveem seertit woftener system The Permutel 
Sosier Feed Pumpea 
us Oh oer he turhine-driven me 
>i oer he meterdrives and one 
>i per be turhine-crives furnished 
ww Allss talmers Adse 


Feedwater Regulators 
type Boiler feed-pump 
turbine-driven units, 


Two 6 in Copes’ 
speed control for 
Swertwoul type 

Feedwater Heating Equipment 

Low-pressure (18th stage), one vertical, direct- 
contact deaerating Cochrane type; inter- 
mediate (12th stage), ome vertical direct- 
contact tray Cochrane type; high-pressure, 
one horizontal, closed, bent-tube, 4-pass 
Griscom-Russell type. Flash tanks, Kich- 
mond Engineering Co. Automatic control 
for the feedwater heaters supplied by The 
Swartwoul Co 


Evaporators 


Iwo horizontal, submerged, bent-tube Griscom- 
Russell type, 54-in. diameter and 17 ft 5°/is 


in. overall Evaporator feedwater heater 
consists of one cast-iron, vertical, open 
deaerating Hoppes type having 180 gal 
storage of 215 F water. Evaporator feed 


pump, one 2-in. 2-stage Worthington type 


Feedwater Treatment 

Phosphate and sulphite mix tanks furnished by 
Connery Const. Co, 

Phosphate feed pumps 
acting plunger type of 
with Falk drive 

Sulphite feed pumps 
driven 


single- 
design 


two triplex 
Worthington 


Milton Roy type, motor- 


Phosphate feeding 
Hagan Corp 


equipment supplied by 


Air Compressor Equipment 
One 500-cfm Bury steam-driven compressor 
One 304-cfm Ingersoll-Rand motor-driven com- 
pressor 
Compressed air back-pressure 
Neitlan 
Miscellaneous Pumps for distilled water, low- 
head cooling, drip returns, sumps, etc., sup 
plied by Ingersoll-Rand, Worthington, Allis- 
Chalmers and Yoemans Bro 


valve, Mason- 


Fire Pumps 
One 1000-gpm single-stage Allis-Chalmers 
pump driven by gasoline engine 
One 1000-gpm Worthington motor-driven pump 


Instruments 


Two venturi-type boiler feed flow meters sup 
plied by Builders-Providence, Inc. 
Drum water-level indicator of Reliance 

Hye" type 
Two multipointer draft gages of Hays type 
Boiler meter, turbine-flow meter, fluid meters 
and other flow meters and recorders supplied 
by Bailey Meter ( 
Flowmeter for boiler blowdown recirculation of 
chrane design 


‘Eye 


Temperature, conductivity and COs recorders 
supplied by Leeds & Northrup 

Conduetivity recorder, Magan 

Recording temperature, pressure and scuum 


gages furnished by the Bris 


Other gages by MWerianm In WVanning, 
Waxsweill & Moore, Foxbor rosby Steam 
Gage & Valve ¢ and ¢ /. Taglhabvue 


Pressure-Reducing and Desuperheating Equip- 
ment supplied by The Swartwout ( 


Valves 
High-pressure feedwater 
Chapman and Powell 
High-pressure steam valves, 900-Ib, Chapman 
Cast-iron valves, Crane and Powell 


valves, 900-Ib, both 


Miscellaneous valves, Chapman, Edward, 
Crane, Manning, Maxwell & Moore, Ohio 
Injector, Kieley & Mueller tiwood & 


Morrill, Ashton, Powell and Klingeril 


Piping 

High pressure steam and feed piping furnished 
by Grinnell Co 

Fabricated piping, by 
Lo, 

Atmospheric relief, by Richmond Engrg. ( 

Low-pressure steam and water lines, by E. B. 
Badger & Sons Co. 

Gaskets, Flexitallic 

Traps, Armstrong 


National Valve & Mfg. 


Turbine Room Crane 
100-ton, supplied by Harnischfeger Corp. 


Electrical Equipment 


Transformers supplied by Westinghouse and by 
General Electric 
Switchgear equipment, by General Electric 
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Compressibility Factors for 


Superheated Steam 


By G. A. HAWKINS} and J. T. AGNEW 


to determine values for the specific volume of steam 

at pressures and temperatures between those found 
in tables, which necessitates one or more interpolations. 
The following method is presented for easily determining 
the specific volume of superheated steam where precise 
results are not required. 


The equation of state for an ideal or perfect gas is often 
written in the following form: 


pv = RT (1) 


Die determin often arise which require the engineer 


In this relation p is the pressure, v the specific volume, R 

the gas constant and 7 the absolute temperature. 
Equation (1) may be made applicable for real gases 

and vapors by introducing the compressibility factor Z. 


pv = ZRT (2) 


The factor Z is a function of the pressure, the tempera- 
ture, and the kind of gas or vapor. Compressibility 
factors for many of the real gases and vapors may be 
found in the literature. 


The authors have computed the compressibility factors 
for superheated steam using the data from ‘‘Thermo- 


~ + Professor of Thermodynamics, Purdue University. 
1200 
1100 
1000 


900 


TEMPERATURE, F 
ad ‘ 
Cc 
€ 





dynamic Properties of Steam’’ by Keenan and Keyes, 

Equation (2) when used for superheated steam may be 
simplified by replacing the gas constant R by 1544/18 or 
85.8. Equation (2) applied to superheated steam is 


pv = Z 85.8T (3) 


The computed compressibility factors so obtained are 
plotted in the Charts I, II and III. Charts II and III 
have been included at the suggestion of Dr. Max Jakob 
of Illinois Institute of Technology. The use of the charts 
is illustrated by the following example: 

Compute the specific volume of superheated steam at 
815 psi pressure and 812 F. 

The compressibility factor as found from the charts 





is 0.935. Solving equation (3) for v gives 
— Z(85.8)T 
P 
Substituting 
_ 0.935(85.8) (812 + 460) . 
= $15(144) = 0.870 ft*/lb 


An examination of the chart reveals that the ideal gas 
equation may be used for the case of superheated steam 
for low pressures and high temperatures. At high pres- 


sures, the deviation from the ideal gas law is very great. 


CHART I 
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oO Oo oO 
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Any unbalanced thrust causes shaft to shift axially, thus regulating flow 


BALAN CING through clearance C, thereby controlling pressure against balancing 


disc A and thus automatically returning the pump to a state of perfect 
balance. Note that this hydraulic device leaves no unbalanced thrust 


ARRAN G EMENT to be taken up by bearings or other metallic contacts subject to wear. 
Aone BALANCES ALL THRUST 


ELIMINATES SOURCE OF TROUBLE IN HIGH-PRESSURE BOILER FEED PUMPS 


The erosive action of high-temperature feed water in a high-pressure 
boiler-feed pump does not interfere with the operation of the 
De Laval automatic hydraulic balancing arrangement, since the 
automatic action of this device is in no way affected by normal 
wear, as can be seen from the illustration. Its universally trouble- 
free performance has been demonstrated over a period of 30 
years in hundreds of installations, handling feed water up 

to 350° F. and discharging against pressures up to 1600 psi. 





Se eC ee Ae Fee Fe dey, SALES OFFICES: ATLANTA * BOSTON * CHAR- 
TURBINES + HELICALGEARS - ss sbtad T n i a a cove > Sein © cuavenann * Gcbeet 
. 4 4 Sy : DETROIT * DULUTH + EDMONTON * GREAT 
3 ; « j é 4 ed 
WORM GEAR SPEED REDUCERS j ; j ‘ ’ 4 : BR FALLS + HAVANA * HELENA * HOUSTON 


: ; i rage 4 iy : 
CENTRIFUGAL PUMPS + CEN- i y iw = a ' ' d Z ; ‘ eee 


: Hee, «= NEW ORLEANS + NEW YORK * PHILADELPHIA 
“er PITTSBURGH * ROCHESTER « ST. PAUL + SALT 

TRIFUGAL BLOWERS and COM- ; ; ee LAKE CITY « SAN FRANCIS“ + SEATTLE 
‘ e}ej i it ae } > } | 7 vwikLy 

F iN iN; NEVE JERSEY TORONTO + TULSA * VANCOUVER * WASH 

PRESSORS + IMO OIL PUMPS : s r. ee 


INGTON, D.C. + WI (NIPEG 








48 















November 1944—C OM BUSTION 


un 








Progress in Steam Engineering 


In the following excerpts from a talk be- 
fore a committee of the Edison Electric 


Institute, the author reviews current 


turbine developments; discusses probable 
trends in steam pressures and tempera- 
tures and the effect of advances in metal- 
lurgy; and comments on the proposed 
A.I.E.E.-A.S.M.E. Standards as to ratings 
and steam conditions for units from 10,000 
to 60,000 kw capacity. 


N THEIR order of importance, recent and current 
turbine developments fall under one or more of the 
following general categories: (1) improvement of 

unit reliability; (2) adaptation to improved thermal 
cycles; (3) improvement of turbine efficiency itself; 
and (4) greater concentration of power in an individual 
unit. 

In general, we consider further improvement of the 
internal efficiency of the turbine itself to be secondary, 
in overall importance, to the adaptation of the turbine 
to economical service with more efficient thermal cycles. 
Large turbine Rankine cycle efficiencies are now close to 
practical upper limits, so we can reasonably assume 
further improvement along this line will be relatively 
small, and that substantial improvement may well prove 
to be unjustifiably costly. On the other hand, thermal 
cycle improvements have even recently led to materially 
lowered heat rates, and such development is still be- 
lieved to be potentially the more promising. 

It is helpful to consider probable steam conditions of 
the future in the light of their development in the past. 
For this purpose Fig. 1 shows the advance of throttle 
steam pressure and temperature against time, for con- 
densing turbines. We have intentionally omitted a 
single instance in which 2300 Ib steam pressure was 
adopted, for the purpose of more clearly showing the 
broad trend. Present-day new installation steam pres- 
sures are generally of the order of 650, 850 or 1250 psi at 
the turbine throttle, with corresponding steam tempera- 
tures of about 825, 900 and 950 F, respectively. The 
850-psi class is currently the most common selection, 
with the 1250-psi class apparently gaining in popularity. 
The essential facts represented by this chart are well 
known and do not require detailed discussion. One is 
now primarily concerned with what may reasonably 
be predicted for the near future in the way of practical 
steam pressures and temperatures. 

Increase of steam pressure, at a given temperature, 
tends to lower the Rankine cycle efficiency of the tur- 
bine, due to increased leakage loss in” high-pressure 
turbine stages and to greater moisture loss in the ex- 
haust end blading. On the other hand, increase of steam 
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By C. B. CAMPBELL 


Manager, Steam Engineering 
Westinghouse Electric and Manufacturing Co. 


temperature, at a given pressure, improves turbine 
efficiency by decreasing leakage and moisture losses. 
Despite its adverse effect on turbine efficiency, in- 
creased steam pressure generally results in reduced 
heat rate of the turbine alone, as does, of course, 
increased steam temperature. The potential gain in 
heat consumption with higher steam pressure is par- 
ticularly important, however, when used with the re- 
generative feedwater-heating cycle, as the limiting 
practical final feedwater temperature increases along 
with the steam pressure. The increment of potential 
gain in heat rate of the turbine and its feedwater-heating 
system decreases sharply as the pressure level is raised; 























































PROGRESS IN STEAM CONDITIONS 
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Fig. 1. Progress in throttle steam temperature and pres- 


sure of condensing turbines from 1900 to 1944 


for instance, at constant temperature, the effect of steam 
pressure increase from 500 to 1000 psig is more than 
twice that available between 1000 and 1500 psig. Thus 
it becomes increasingly difficult to justify substantial 
pressure elevation over present upper levels. The reduc- 
tion in heat rate due to temperature increase is, on the 
other hand, more nearly sustained at high levels, being 
of the order of 3 per cent per 100 deg F. 

Steam pressures and temperatures may not properly 
be considered as independent variables. With the 
advent of large, high-speed exhaust blading, the problem 
of inlet edge erosion of such blades operating in wet 
steam was encountered. Experience has led to a general 
criterion that the exhaust steam moisture content should 
not exceed about 12 per cent, in order to limit last-row 
blade deterioration to a reasonable economical level. 
This limit is believed to be about right, even though a 
few entirely successful units have now operated for 
several years with somewhat higher exhaust mpisture, 
and with present maximum blade-tip speeds of 1256 ft 
per sec. The exhaust moisture criterion really] means 
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that, for a given exhaust pressure and turbine efficiency, 
and for the moment excluding the reheat cycle, there is a 
fairly definite upper limit of pressure for any specific 
throttle steam temperature. For present-day large 
turbine efficiency levels, and with 1!/2 in. absolute ex- 
haust pressure, this limit is about 600 psi at 800 F, 900 
psi at 900 F, and 1500 psi at 1000 F total steam tempera- 
ture. 

A far more important and realistic phase of the problem 
arises in determining how high it is practical to go in 
steam temperature without jeopardizing the plant in- 
vestment through lowered availability. In this con- 
nection, consideration must be given not only to the 
turbine, but also to the boiler, superheater and auxil- 
iaries. By systematic increase over the past several 
years there has now been accumulated a reasonable 
amount of experience in operation at 950 F. This level 
was reached through a series of logical advances beyond 
750 F, and has resulted in a reasonable minimum of 
difficulty consistent with progress. Such procedure 
should continue to set the pattern for any further tem- 
perature increase, as metallurgical development, to- 
gether with design and operating experience, should be 
proved at each step of the way upward. 


Creep Characteristics Important 


The physical properties and the creep characteristics 
of existing turbine alloys at elevated temperature have 
been quite well established by research. It is well 
known that working stresses must be sharply reduced 
at high temperature in order to avoid excessive plastic 
deformation, or creep, in service. The complete answer 
is not in the building of heavier stuctures to obtain 
lower steady-state stresses, as, for instance, by merely 
increasing cylinder wall and flange thickness in the 
inverse ratio of the change of allowable stress. At some 
point such equipment would become very poorly adapted 
to the nonuniform and often rapidly changing high tem- 
peratures which are encountered in normal turbine 
service. 

At some point in this development there will be need 
for a new or modified group of alloys, suitable for cast- 
ing, forging, welding and machining, and which are 
capable of supporting very much higher stresses under 
long exposure to high temperatures than is the case with 
those alloys now available and in general use. It is to 
be hoped these alloys will not be exorbitant in cost. 
In high-temperature equipment, particularly when 
operated with variable temperature, uniform thin metal 
sections are very desirable, but unfortunately, in the 
steam-power cycle, high temperatures and high pressures 
usually go together. This variable temperature prob- 
lem, with its transient inequalities of metal wall tem- 
perature, is the primary consideration in determining the 
practical upper temperature limit, since one is inter- 
ested in long-lived, reliable, low maintenance machinery. 

From existing experience at 950 F it is believed that 
an exploratory increase to 1000 F is justified with present 
available and proved materials, but that experience 
at this advanced temperature level should then be 
thoroughly assimilated before venturing further. With 
1000 F temperature, steam pressure could be advanced 
to about 1500 psi without obtaining excessive exhaust 
moisture. The potential reduction in heat rate at 
1500 psi and 1000 F, as against 1250 psi at 950 F, is of 
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the order of 3 per cent, the total gain being about 
equally due to the elevation of pressure and to tempera- 
ture. It is suggested, however, that the initial step be 
taken in temperature increase only rather than to com- 
bine it with 20 per cent increase in pressure over the 
present 1250-psi level. 

A coordinated, war-born program of metallurgical 
research on high-temperature alloys is in progress. This 
effort is concerned primarily with alloys for use at tem- 
peratures far beyond those now contemplated for steam 
plants and, in large part, for use in comparatively short- 
lived equipment. Excellent materials have been de- 
veloped for these purposes, but as yet they are available 
only in relatively small pieces; they are difficult to fabri- 
cate and very expensive. Forgings, by their very na- 
ture, are not most ideally suited to high-temperature serv- 
ice. Precision casting has been found well adapted to 
the production of repetitive small and intricate parts with 
many of these new alloys, and it is not unreasonable to 
expect that steam-turbine blades, among other details, 
may ultimately be produced in this manner. It is also 
reasonable to assume that the steam power plant of the 
future will profit in many other ways from other phases 
of the current metals research, but not until attention can 
again be focused on the extended period behavior of 
suitable alloys. 
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Fig. 2 Progress in ratings of condensing turbines from 
1900 to 1944 


The foregoing has considered future possibilities as 
they are related to high-grade regenerative feed-heating 
cycles, in accordance with general American practice, 
for which more or less standard turbines are now readily 
adapted. Since the maximum practical operating steam 
temperature is now such an obvious limitation, it is 
natural that alternatives be carefully considered. One 
such variation is the addition of immediate reheat to 
the multistage feed-heating cycle. With a single stage 
of boiler reheat, comparable heat rates may thus be ob- 
tained with approximately 150 deg F reduction in top 
steam temperature, or something like 5 per cent reduc- 
tion in heat rate may be obtained at equal upper steam 
temperatures. Investment charges, and operating con- 
siderations, have to date ruled this system out in all but 
very few installations in this country. The reheat cycle 
is mentioned here with the thought that increased fuel 
costs in the future may well bring this complex cycle 
into more frequent use, but then only with the higher 
unit ratings involving multiple turbine cylinders and with 
machine designs cut to special pattern for the individual 
installation. 
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Growth of individual condensing unit capacity is 
shown by Fig. 2. The recent rapid growth of 3600-rpm 
turbines is particularly important, since they have now 
taken over the bulk of the central station field. They 
have contributed materially to modern steam plant 
development and are likely to develop further in avail- 
able rating. 


High Rotative Speeds Desirable 


In general, the steam turbine is at best advantage when 
operating at the highest possible speed of rotation con- 
sistent with the provision of proper steam flow areas and 
area ratios throughout its bladed length. Under other- 
wise comparable conditions, increased speed reduces 
the physical size of the unit, particularly the diameter of 
the bladed portion. By doubling the speed of rotation, 
rotor diameters might roughly be halved and individual 
blade lengths be doubled, for equal volumetric steam 
flow. While this simple relationship might be consider- 
ably modified in any specific case, nevertheless it is ob- 
vious that dimensions would be very materially reduced, 
with a corresponding reduction in cylinder-wall and 
flange thicknesses for a given internal steam pressure. 
As stated previously, such lighter structures are much 
better adapted to long and satisfactory use under normal 
conditions of turbine service, which, with load variation, 
mean widely changing temperatures throughout the unit. 
It is entirely reasonable to expect these smaller turbines 
to deform less in service, and to be capable of more 
successfully withstanding operation variables. The 
3600-rpm condensing turbine development into large 
capacities has had much to do with the success of ele- 
vated steam pressures and temperatures in the modern 
plant. 

The maximum economical rating of a condensing 
turbine is fixed, within limits of allowable leaving energy 
loss, by the area of the last blade row annulus, which is, 
in turn, limited by the permissible stress of both the 
blade and rotor materials. With large, exhaust-stage 
blading, the major steady stresses are due to centrifu- 
gal force. It is essential, also, that these blade groups 
be so designed that their relatively low natural vibra- 
tion frequencies shall not coincide with integral multi- 
pliers of possible excitation frequencies, that is, with 
multiples of rotating speed. 


Limitations of Exhaust Blading 


Condensing turbine exhaust blading is the least 
flexible element of the entire unit, since its manufacture 
involves the use of very expensive and special dies, tools 
and fixtures. Alterations are difficult, also, because of 
their critical effect upon blade vibration frequencies. 
It is approximately correct to say that the remainder of 
the turbine is therefore designed around an existing low- 
pressure blade. Creation of new, large exhaust blading 
is undertaken as a major task. This was done in the 
mid 1930’s, aiming for the largest blades which then 
seemed practical. This resulted in the development of 
20-in. long blades to be carried on a 40-in. diameter 
rotor for 3600 rpm, and of 40-in. long blades with an 
80-in. diameter base for 1800 rpm. The blade tip speed 
in each case is 1256 ft per sec. The limiting single blade 
annulus for the lower-speed unit currently has four times 
the area of the corresponding 3600-rpm turbine, meaning 
that it can accommodate substantially four times the 
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steam flow, or rating, for a given last-row blade efficiency. 

Many of the higher speed units have now been in 
service upwards to seven years with the present limit 
blade. There has been some difficulty of a random 
nature which has led to detail modifications. Experi- 
ence, on the whole, indicates that when more urgent 
wartime activity is behind us we will be prepared to 
develop still larger blading, and larger condensing 
turbines, to drive two-pole generators. So far as the 
40-in. long blade at 1800 rpm is concerned, we have 
experience with but one turbine, and’do not feel that 
there is any early future need for larger blading at this 
speed. 


Preference in United States 


Accepted practice in this country has given a fairly 
definite pattern to condensing turbine-generator arrange- 
ments in central station unit ratings. This has been 
promoted by a general preference for a single-shaft unit, 
where practical, and by general agreement on the ad- 
vantages offered at 3600 rpm; the latter consideration 
has, in some outstanding cases, been considered to pre- 
dominate and to justify multi-shaft arrangements in 
preference to low-speed single-shaft units. To an in- 
creasing extent users are selecting unit capacities on the 
basis of that available at the higher speed, using multiple- 
exhaust turbines if necessary, to obtain the desired com- 
bined unit rating. 

On the basis of condensing units capable of continuous 
output of 125 per cent rating, single-cylinder, single- 
exhaust flow turbines at 3600 rpm are available for 
ratings to and including 25,000 kw. By tandem com- 
pounding in two cylinders to provide double flow ex- 
haust blading, unit ratings up to 65,000 kw have been 
obtained at the same speed. It is obvious that this same 
general plan of compounding could be carried further, 
and with three and four exhaust-flow paths obtain cor- 
respondingly higher rating, still with the single-shaft 
design. However, such construction has not as yet 
become common, one reason being that there has been 
comparatively little demand for unit ratings above 65,000 
kw. Meantime, larger machines have generally been 
designed for 1800 rpm, using single-cylinder, single- 
exhaust flow for 75,000 to 100,000 kw rating, and tan- 
dem construction with double-flow low-pressure blading 
for still larger units. For extremes of steam pressure, 
and particularly of temperature, it is felt that the low- 
speed turbine might well be made multi-cylinder, even if 
within the volumetric limit of the single-flow exhaust 
blading. It is expected that the higher speed turbine 
will before long encroach further on the field of the low- 
speed unit, both with larger exhaust blading develop- 
ment, and possibly also by further compounding of 
exhaust flows than is now common practice. 


Standardization 


Considerable effort has been made by A.I.E.E. and 
A.S.M.E. Committees toward the standardization of 
selected large turbine-generator ratings within the 
field of greatest central-station unit activity, namely, 
10,000 to 60,000 kw, inclusive. There is now general 
agreement on all important factors fixing these turbines. 
They stand as indicated by the following tabulation, 
with six individual ratings: 
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PROBABLE TURBINE STANDARDIZATION 



































Rating Steam Conditions Saturation Temp, 
Kw Psig Temp, F In., Hg Top Extraction Point 
11,500 600 825 11/2 
15,000 600 825 11/2 3 stages—285 F 
20,000 850 900 1!/2 4 stages—350 F 
’ 850 900 
y 850 or 1250 900 or 950 11/2 
11/2 4 stages—350 F 
60,000 850 or 1250 900 or 950 11/2 5 stages—410 F 
11/2, 


It should be noted that for these units the maximum 
continuous output is 110 per cent of nominal rating, 
rather than 125 per cent, as has been customary. Cor- 
respondingly, nominal ratings for limit frames have been 
raised, leaving maximum output substantially un- 
changed. Standard steam conditions have been as- 
signed to reflect going experience and average econo- 
mies. 

We are strongly in favor of standardization as a 
principle. There are numerous examples in industry, 
and in the electrical equipment industry especially, 
where a rational standardization of product has ulti- 
mately proved beneficial to user, manufacturer and to 
the public. At the same time, it is appreciated thor- 
oughly that to date there has been little practical ex- 
perience in the standardization of heavy machinery, and 
its success remains to be proved. 

Our large turbine development of the past ten years 
has stressed the standardization of component details 
and their design principles, such that they could readily 
be applied, in appropriate size, to any member of a com- 
plete line of machines. Important benefits were real- 
ized, not only in the expedition of design, procurement 
of material and in manufacturing operations, but, also, 
field operating experience was then readily translated 
from a single unit to the line as a whole. This led to 
more rapid solution of operating problems and the at- 
tainment of a high overall level of practical dependability, 
and undoubtedly helped materially in meeting the un- 
precedented volume demands on the central station in- 
dustry a few years ago. 
























Greater Standardization in Construction 
Points to Better Prices and Deliveries 


It is our belief that still more can be gained along this 
line by focusing greater attention on a limited number of 
standard condensing frames after fixing the normal 
variables of steam and extraction conditions at rational 
values. It is expected that some order of repetitive 
purchasing can be obtained and, depending very largely 
on its extent, that the standard unit will show improved 
deliveries and prices, and thoroughly proved equipment. 
Deliveries will be materially improved, especially if 
individual frame activity should become such as to 
justify the manufacturer carrying a reasonable stock of 
bottleneck parts if not even of semifinished machines. 
Specifically, this could be the means of avoiding serious 
delay such as may now occur if a larger cylinder casting, 
or rotor forging, is found defective at some advanced 
stage of manufacture. 

As for the effect on price, it is appreciated fully that 
standardization will fail completely if the price for the 
strictly standard unit is ultimately not lower than for 
the tailormade turbine by an amount sufficient to be 
attractive. On the other hand, until there is some rea- 
sonable degree of practical acceptance and use, there are 
in reality no economies to be obtained from standardiza- 
tion. Just how or when the first step in price adjust- 
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ment will be made is not of present concern so long as it 
is known that a price differential will come, possibly 
even before there has been any realistic justification for 
such a course. 






Development Will Not Be Stifled 


Some have expressed fears that standardization may 
stifle further steam plant development. This fear is 
quite groundless. If the specifications require, we will 
offer any steam turbine possible within our range of 
knowledge, just as we do today, whether within or with. 
out the selected standards. Furthermore, the user 
members of the standardization committees have, for all 
practical purposes, written the standards, we being 
primarily interested in assuring that they take full ad- 
vantage of practical design limits as they now exist. 
The initial standards may later be increased in scope 
as steam plant practice advances. In fact, it is not to 
be expected that long-lived standards are feasible i in this 
or in any other machinery field. A rational révision 
in the not distant future is entirely in order and it will 
undoubtedly prove to be an improvement because of 
development in the art and because it is then based on 
greater standardization experience. 

It is our conviction that nothing short of a serious and 
cooperative trial will prove just how successful large 
turbine standardization can be; meantime nothing is 
lost by the attempt. 


HEAT 


INSULATIONS 
Cut Production Costs 


Modern industrial plants are saving 
thousands of fuel dollars each year 
through the correct application of 
CAREY Heat Insulations ... a com- 
plete line of high efficiency insulating 
materials of Asbestos and Magnesia 
for every known service condition— 
for temperatures ranging from 


SUB-ZERO to 2500° F. 


Put your special problems up to Carey 

Engineers . .. their experience and 

Carey research facilities are available 

through branch offices covering the na- 

85% Magnesia tion. Write for book of interesting, 
and Medium technical data. Address Dept. 69. 
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For sub-zero. 
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Changes to Wood-Burning Furnace 
Doubled Steam Output 


These changes involved the installation of 
a stepped semi-automatic grate supplied 
by a wood feeder through a refractory arch, 
the application of water walls to the upper 
part of the furnace and the addition of an 


economizer. The auxiliary oil burners were 


transferred to the rear wall. 


NTERRUPTION in the normal supply of fuel to 

Argentina, as a result of the war, has necessitated 

many changes and expediencies by power plants in 
order to burn local substitute fuels. One such instance 
concerns an installation in a rubber manufacturing 
plant in the province of Buenos Aires where a conven- 
tional three-drum, oil-fired boiler supplied process steam. 

Some two years ago when it became difficult to procure 
oil, the unit was fitted with a dutch oven at the side of the 
setting and equipped with a slightly inclined stationary 
grate for burning wood. This was fired by hand through 
two access doors, and consisted principally of eucalyptus 
logs 10- to 12-in. diameter and cut to about 8-in. length. 
The oil burners were retained to supplement the wood 
when necessary. 

Considerable difficulty, however, was encountered in 
maintaining the required steam when burning wood and 
the consequent demands on the very limited oil available 
caused considerable concern. Moreover, the cost of 
maintaining the refractories was excessive and shutdowns 
for refractory repairs became frequent. 

The company’s engineers therefore decided to elimi- 
uate the dutch oven at the side and to install a stepped 
semi-automatic grate having grilled boxes for the ad- 
mission of air on either side and a short refractory arch 
at the entrance end. The fuel is fired by a wood feeder 
mounted over a short modified form of dutch oven at the 
front of the setting and falls on an incline under a re- 
fractory arch to the top of the stepped grate. This 
not only cut down on manual labor but also prevented 
the entrance of excess air to the furnace. To provide 
room for the new grate, the floor of the combustion 
chamber was lowered. Also, the oil burners were re- 
moved from the front wall and placed in the rear wall 
under the lower drum. 

Finally, in order to meet increasing steam demands, 
and at the same time to decrease refractory maintenance, 
it was decided to equip the combustion chamber with 
water walls. These consisted of 3'/,-in. vertical tubes 
shielding the upper refractory side walls. A fin-tube 
economizer was also added and soot blowers were in- 
Stalled to remove the soot and ash accumulations from 
both the boiler and the economizer surfaces. 
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By CHARLES MELLOR* 


In order that there be no interruption in steam supply 
while these changes were in progress, a large locomotive 
was rented and piped to the live steam line. However, 
as the locomotive was equipped with a superheater, and 
as many of the process machines in the plant were not 
suited to operation with superheated steam, it became 
necessary to construct a desuperheater. 

Incidentally, in order to avoid the stack discharge from 
the locomotive becoming a nuisance to the adjacent rub- 
ber plant, an improvised stack was made from a series of 
drums, with heads removed, and extended above the 
building roof line. 





View looking toward front of furnace after alterations 


‘ 


Because of the limited time that the locomotive was 
available, it was necessary for the contracting engineers, 
Mellor-Goodwin, to coordinate and organize the work 
in three shifts so as to complete the job in 20 days. 

With the changes mentioned the output of the boiler 
has been more than doubled and the rate of wood con- 
sumption has been reduced 30 per cent, based on condi- 
tions previously existing. The CO, content of the stack 
gases now averages 15 per cent, the excess gas tempera- 
tures have been reduced 200 deg C and the unit is now 
able to handle rapid fluctuations in steam demand. 


* Director, Mellor-Goodwin Ltda., Buenos Aires, Argentina, representa- 
tive of Combustion Engineering Company. 
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S WINNING STRATEGY 


ON YOUR BOILER PLANT 


; HOSE perpetual foes of combustion 


efficiency—Excess Air, Fuel waste, 


High Operating Cost—haven’t achance 
against the strategy of Hays Automatic 
Combustion Control. 


There’s no guessing here, nothing left 
to chance. Your Hays Control System 
assembles al] the data concerning com- 
bustion, measures all variable elements, 
and regulates them—automatically. 
It does that job better than man-power 


can do it—never absent, never over- 


. 


worked, never an unwary instant: 
smooth, faultless, tireless efficiency 24 


hours every day. 


Hays Combustion Control's greater 
service today is in putting youthful 
efficiency back into wasteful steam 
plants—making them better plants, 
safer plants, lower cost plants. 


Smart strategy?—it never misses. 
The Hays Combustion Control Catalog 
explains how you can use it. Full of help- 


ful steam-power data. Write for it today. 


THE MODERN SYSTEM Ji Electrical 


Witomatic COMBUSTION CONTROL 


THE HAYS CORPORATION MICHIGAN CITY, IND. 
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ance of steam-generating units appears to have 

originated in marine practice well over sixty years 
ago. The heaters of those days were nearly all of the 
tubular type employing various tube arrangements 
such as vertical or horizontal banks of short or long tubes 
sometimes with the gases passing through the tubes and 
sometimes over them. Some were more or less stand- 
ardized products of manufacture adapted to fit a par- 
ticular type of boiler but many were merely makeshift 
arrangements. 


if HE use of air preheaters to improve the perform- 


First Stationary Application in United States 


The first application of air preheaters in land practice 
in this country appears to have been about 1881 at a 
plant of the Pacific Mills in Lawrence, Mass. The air 
heater, then variously referred to as a heat abstractor, 
warm-blast apparatus, or hot-draft apparatus, was in 
this particular instance applied to a horizontal return- 
tubular boiler and consisted of two horizontal banks of 
2-in. diameter lap-welded tubes through which the hot 
gases passed. Surrounding each 2-in. tube was a 3-in. 
tube, concentrically arranged but somewhat shorter to 
allow the air to be passed through the annular space 
between the inner and outer tubes. It is interesting to 
read that after extended experiment this apparatus was 
found to be incapable of reducing the gas temperature 
below 160 F. 

This performance seems to have disappointed the 
builders, so another heater was designed for an ad- 
jacent boiler consisting of 2-in. tubes arranged one inch 
apart through which spaces the air made several passes 
across the tube bank. Reported tests indicate that this 
second heater produced a gas-temperature drop about 
five degrees greater than the first and gave 12.5 points 
better efficiency than a similar unit operating without 
an air Heater. After three years of operation this 
heater was reported to be in good condition. One is not 
surprised, however, to read elsewhere that considerable 
trouble from plugging was encountered in some early 
heaters, since the tube temperature would often be below 
the dew point of the gas. 

This installation of 1881 was the result of an in- 
vention of Obadiah Marland covered by U. S. Letters 
Patent No. 205282 dated June 25, 1878, describing a 
plate-type air preheater for use in combination with 
forced- and induced-draft devices. In return for several 
mill owners’ investment toward building and testing 
the apparatus they were to receive exclusive and free 
license to its use. However, when the apparatus was 
constructed in 1881 it was built of tubes instead of flat 
plates as described by Marland. 

The plate-type air heater was first used successfully 
in land practice in England. The reason for its ap- 
plication may be attributed to economic developments 
of the coal industry in England about the beginning of 
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Stationary Boilers 


Early Air Preheaters for 


the present century. The increased demand which was 
created about that time for sized washed nut coal suit- 
able for burning on mechanical stokers resulted in the 
increased production of coal of this type and the con- 
sequent accumulation of immense quantities of small 
screenings. For these there was no demand, although 
the heat value was around 8500 Btu per Ib, and conse- 
quently the market price became very low. Even so, it 
was not found economical to transport this fuel any 
distance from the mines because it could be burned only 
at such low combustion rates and with such low efficiency 
that the freight charge per unit of heat actually utilized 
was great enough to prohibit its use at this time except 
at such plants as happened to be in close proximity to the 
coal mines. 

Water economizers were to some extent already in 
use at this time but presented no great field for im- 
provement in thermal efficiency of the boiler plants for 
the reason that the steam pressure used in many boiler 
plants was less than 125 lb per sq in. and the amount of 
heat which could be recovered by a water economizer 
was therefore small. Realizing that considerably more 
heat could be recovered by using air, because of the much 
higher temperature differential available with this me- 
dium, some water economizers were actually converted 
to air preheaters by simply substituting air for water as 
the cooling medium. This was not very satisfactory 
since the rate of heat transfer was low and the power 
consumption to overcome the resistance was very high. 
Moreover, tubular air heaters of other designs had been 
used in marine practice for some years but with no out- 
standing success. So it was thought advisable and nec- 
essary, by those industrially minded scientists and en- 
gineers interested in burning this cheap waste fuel 
smokelessly at higher combustion rates and with higher 
efficiency, to invent and develop an efficient plate-type 
heater. 


Advent of the Plate-T ype Air Preheater 


It appears that in both Great Britain and America, 
air heaters were first applied to stoker-fired boiler units 
to enable poor grades of coal to be burned at higher 
combustion rates with the object of increasing steam 
output and decreasing cost. That satisfactory results 
were obtained and these objectives reached was not, 
however, the reason for the great popularity that was 
soon to be accorded the plate-type heater and air 
heaters in general. The use of preheated air on the 
early stoker units to which it was applied did improve 
combustion conditions, overall efficiency and plant ca- 
pacity but it also increased both furnace and stoker 
maintenance due to higher furnace temperatures and 
the effect of preheated air on the stoker parts. There 
were therefore two limits immediately imposed which 
had to be considered in applying air preheaters to exist- 
ing units, and these undoubtedly retarded air preheater 
development in Great Britain up until the time that the 
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plate-type air heater was first used successfully in the 
United States. 


Influence of Pulverized Coal and Water Walls 


At about this time, however, two incidents in the 
history of steam-power generation occurred, namely 
the successful application of the water-cooled furnace 
and pulverized fuel firing. Without these two develop- 
ments, the use of the enormous amount of air-preheater 
surface which has been installed would have been neither 
possible nor necessary. Conversely, the use of air 
preheaters has greatly enlarged the field of application 
of both water-cooled furnaces and pulverized fuel firing 
—in the former case because preheated air partly count- 
eracts the reduction in furnace temperatures caused by 
water cooling, and in the latter case because it aids in 
obtaining and maintaining proper ignition of pulverized 
fuel, thus making it easier to burn low-volatile coal in 
pulverized form. Air preheaters have also extended the 
field of application of pulverized coal by providing a 
satisfactory drying medium by means of which wet coal 
may be sufficiently dried during the process of pul- 
verization to enable it to be more easily and satisfactorily 
handled by the transporting, feeding and burning equip- 
ment. 

In 1922, during which year the first commercial plate- 
type air heater contract was closed in this country, it so 
happens that the first contracts for equipment employ- 
ing steam pressures higher than 400 psi were also closed. 
With higher steam pressures the minimum final gas tem- 
perature obtainable with the boiler alone was cor- 
respondingly increased and the maximum obtainable 
boiler efficiency was at the same time decreased due to 
Auxiliary heat recovery 
equipment, additional to boiler and superheater, was 
therefore necessary in order to equal or improve the 
boiler room efficiencies that were possible with lower 
pressure steam. The water economizer and the air 
preheater are used for this purpose. However, the 
advantages of multiple-stage bleeding for feedwater 
heating have popularized this system to such an extent 
that water economizers alone fail, in many cases, to 
produce the desired heat recovery between boiler and 
stack, and air preheaters must be used. Since the air 
preheater by itself will generally give the desired heat 
recovery at lower cost than the combination, an air 
heater alone is often used when there is no objection to 
the higher preheated air temperature which results from 
its installation. 

Thus it will be seen that the reasons which promoted 
the early application of air preheaters have not in them 
selves been responsible for their widespread use and 
their present position in the modern boiler room. 


higher exit gas temperature. 


Recuperative and Regenerative Types 


Air heaters are classified as “‘recuperative’ or “re 
generative,” according to the principle of operation 
involved. In the recuperative type the two fluids are 
separated by the heat transfer surface; one fluid flow- 
ing continuously on one side and the other fluid on the 
opposite side. Thus, when tubes are used, one fluid 


flows inside the tubes and the other outside; or, in a 
plate type, alternate passages between the plates con- 
tain the different fluids. 


In the regenerative type, the 
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surface is intermittently heated on both sides by the 
circulation of one fluid, and intermittently cooled on 
both sides by the other fluid. For example, in the 
Ljungstrom regenerative heater the surface is installed 
in a rotor; as the rotor slowly revolves, the heating sur- 
face passes from one compartment, in which the hot gas 
gives up heat, to another compartment in which the 
air absorbs heat. This design of air preheater, in which 
the heat-transfer surface is made up of bundles of un- 
dulated plates, is built in both the horizontal and the 
vertical types, according to the space and arrangements 
in the plant in which it is installed. It weighs much 
less than either the tubular- or plate-type heaters and is 
capable of providing preheated air at very high tem- 
peratures. It is now widely used in large steam gen- 
erating units. 

There are also several other types of regenerative 
heaters which are not used in power plants and there- 
fore will not be discussed here. However, it may be of 
interest to mention that a regenerative type heater was 
patented by S. Bissel on October 2, 1883. This par- 
ticular heater was employed in connection with a kiln 
and consisted of a horizontal .rotating cylinder filled 
with a checkerwork of firebrick. Hot gases were passed 
through the lower segment of the cylinder and gave up 
part of their heat to the refractory checkerwork which, 
in turn, was raised in temperature. Air was passed 
through the upper segment of the cylinder. As the 


cylinder rotated, the previously heated refractory was 
brought into the zone through which the air passed and 
The process was 


the latter was raised in temperature 
continuous. 
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The 
De Laval | 
| rotary displacement pump for fuel and lubricating oils has 
only one stuffing box It has been designed with the operator's — 
problems in mind. Ease of packing is only one of the impor- 
tant and exclusive features. Ask for Catalog |-114 j 
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N a paper before the Joint A.S.M.E.- 

A.I.M.E. Fuels Meeting at Charleston, 
W.Va., October 30-31, BertrandA.Landry 
of Battelle Memorial Institute discussed 
missing data on coal sampling which he 
listed as (1) consist; (2) variability of ash 
in pieces by the float-and-sink method and 
by direct analysis of pieces for confirma- 
tion of this method; (3) variability of the 
ash of increments, whereby a large number 














Coal Sampling Discussed 
at Joint Fuels Meeting 


were not uniform, nor even publicized. 
Hence, in sampling practice, a situation 
potentially dangerous was becoming the 
rule rather than the exception. 

The question was reopened by Grumell 
and Dunningham before the British En- 
gineering Standards Association in 1930 
and many studies of the theory and prac- 
tice of coal sampling followed, including 
that by an A.S.T.M. subcommittee in 1934 
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of increments of a variety of specified large 
weights are taken to establish the degree of 
mixing directly; and (4) the collection and 
analysis of gross samples of a specified 
number of increments of constant weight 
to give overall confirmation to the estab- 

. lished relations between the variables in- 
volved. Each of these points was dis 
cussed at length and certain mathematical 
expressions evolved which space here does 
not permit reproducing. 

In introducing this discussion of sam 
pling, Mr. Landry pointed out that ac 
cording to the A.S.T.M. “Standard 
Method of Sampling Coal for Analysis,’ 
1916, which is still in effect, the gross 
sample must not be less than 1000 Ib. For 
small coals the increment may be 5 to 10 
lb, so that from 200 to 100 of them must be 
taken uniformly over the lot of 
sampled. For run-of-mine or lump, incre 
ments may be 10 to 30 Ib each, which 
Means that from 100 to 34 increments 
must be taken to make the 1000-Ib gross 
Sample, 

Although many gross samples have been 
taken on this basis, the time and expense 
involved has often led to the taking of 
smaller samples. The consistency of the 
results so obtained eventually brought 
about an empirical acceptance of the less 
Stringent sampling procedure; but these 
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1—Variability of ash percentages 
eight-pound increments for a0 < 
2-in. coal from Western Pennsylvania 6 T 
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which began to reconsider the specifica- 
tions for taking gross samples and resulted 
in the preparation of Tentative Standards, 
the latest of which is designated as D 492- 
43T (1943). 

The main problem in the field of coal 
sampling for the last 15 years has been the 
investigation of the nature of the variabil- 
ity in ash percentage of the coal in relation 
to the size of pieces, their average ash con- 
tent and their weight. The usual approach 
to this study has been rather empirical and 
has not led, until recently, to specific and 
definite relations. 

Fig. 1 represents the variability in ash 
content of 50 increments, each of 8 Ib, of a 
raw nut-slack (0 X 2 in.) coal from Western 
Pennsylvania. Each increment was ana- 
lyzed separately and the step curve was 
plotted after rearranging the ash percen- 
tages in an ascending order. The horizon- 
tal line intersecting the ordinate at 10.2 
per cent ash represents the average ash of 
the 50 increments. The two broken lines 
at 9.2 and 11.2 per cent define the varia- 
tion of = 1 per cent from the average; and 
it is apparent that of the fifty samples 
taken only twenty, or 40 per cent, had an 
ash content within this range of = 1 per 
cent from the average. From this a clear 
idea of the representativeness of a single 
sample can be obtained. That is, if an 
8-Ib sample of this coal were taken at ran- 
dom the chances that it would be repre- 
sentative within = | per cent would be 
only 40 out of 100. 

The fundamental fact upon which all 
sampling is based is that if a number of in- 
crements of a specified weight be taken 


Continued on page 59 
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BLECTRICAL PRECIPITATION 


universally recognized as a 


standard method of removing 


DUST, FLY ASH, FUME, MIST & FOG 
from GASES 


30 years of research, development and operating experience 
throughout the world are incorporated in the 


COTTRELL INSTALLATIONS 





offered to meet the requirements 


of any problem by 


RESEARCH CORPORATION 
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and combined into a gross sample, the 
representativeness of the gross sample will 
be increased as compared to that of the in- 
dividual increments. By taking a suffi- 
ciently large number of increments it is 
possible to obtain ¢ gross sample such that 
the probability of its ash content falling 
within a given range around the true ash 
content is as great as is desired, although it 
cannot be achieved. 

Gross samples of low variability ordi- 
narily have ash contents which are dis- 
tributed closely according to a so-called 
normallow. These are represented in Fig. 
2 which have acceptable variability as de- 
fined by the British Standards and those of 
the A.S.T.M. 

The Tentative A.S.T.M. Standard calls 
for a lowering of ‘accuracy or a permissible 
increase in variability as the average ash of 
the coal is higher or percentage of ash is 
lower. This is accomplished by defining 
the range as = 10 per cent of the ash per- 
centage. 

The number of increments required to 
give gross samples of acceptable accuracy 
may be calculated from the relation, N = 
V?/v?, where N is the number of increments 
required, V is the standard deviation of 
the increments and v is the standard devia- 
tion of the acceptable gross samples. 

From this the author developed the fol- 
lowing relations: 





y’W as applying to the! B.S.I. 


ae 0.15087 Standard 


Ww as applied to the 
(0. Oy A.S.T.M. Tentative 
Standard 


N= 


where y*?W represents the variability of in- | 


crements of weight W of a given coal, and y 
is the per cent ash. 


Since neither of these equations can be | 


solved for N unless y?W is known, the 


author proceeded to evaluate y~?W as fol- 


lows: 


W 
= — -1) 
VW = y*w ( )e i 


where W is the weight of the increment, w 
is the weight-weighted average of the piece, 


+*w is the measure of variability (standard | 


deviation)? of the ash percentage of the 
average weight of piece, and the exponent 
(a—1) expresses the degree of randomness 


with which the ash is distributed through | 


the lot of coal being sampled. This ex- 
pression may be written: 


log y*?W = log y*w + (a—1) log — 


which permits plotting as a straight line. 


Store More Coal Now! 


A SAUERMAN SCRAPER SYSTEM 
CUTS COSTS and SAVES MANPOWER 


At hundreds of power plants, SAUERMAN Power Drag 
Scrapers are storing and reclaiming coal at costs of only a few 





cents per ton handled. 


Two small Sauerman Scrapers 
handle adjoining stockpiles of 
coal and coke for mill furnaces, 





They may be installed in practically all 
types of pulverized coal burners, with 
these seven important advantages: 


® They worm up cold furnaces 
@ They ignite pulverized coal—safely 


@ They assure continuous operation 
in case coal system fails 


@ They provide eificient and sale 
operation on bank and at low loads 


@ They respond almost instantly to 
sudden load changes 


@ They permit cperation with oil or 
coal— whichever is available and 
lowest in cost per BTU. 


@ All capacities of steam, air or me- 
chanical-atomizing types are inter. 
changeable 


The foregoing are only a few of the reasons 
why Enco oil-burners have been bought 
by a long list of leading industrial firms. 
Details of how Enco oil-burners can be 
adapted to your present pulverized coal 
burners will be gladly supplied — without 
obligation. Write The Engineer Company. 
75 West St. New York, N. Y. 
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A Sauerman System is simple and easy to operate. From a 
station overlooking the storage area a single operator controls 
every move of the scraper through a set of automatic controls. 


A Sauerman System makes the best use of whatever space 

is available by building a safe, high pile in compact layers. 

There is no segregation of lumps and fines—no air pockets to 

promote spontaneous combustion. Every Sauerman installation 

is a permanent, trouble-free investment—maintained at small 
ifted tail i Sroeen ot power 


expense. 
Write for Catalog 
I~. socks are us- 


am. SAUERMAN BROS., Inc. 


550 S. CLINTON ST., CHICAGO 7, ILL. 
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Attend a Meeting of Minds 
at the 1944 


NATIONAL POWER SHOW 


Gather timely essential ideas 
| on power maintenance and conservation! 


ry You can attend a huge pooling of practical, 

BE wr $ 2 ‘ tested ways and means of maintaining and 
using the power load which “‘backs the 

attack”? at the l6th National Exposition of 


Stop Steam Losses! Power and Mechanical Engineering. There, 


: engineers and executives concerned with the 

A id W t t | efficient operation, production, transmission 
Vol as e: and utilization of power, can get first-hand 

help on the special problems of 1944—and 

BUILDERS Shuntflo Meter accurately 1945. Engineering specialists in attendance 
at scores of thought-stimulating exhibits, 

totalizes flow in pounds of steam. A/l/ flow | will furnish latest advice on the use and 
maintenance of their equipment. Displayed 

is totalized even when rates are double the also will be exhibits of tools for various power 


; é production and maintenance uses. 
normal capacity of the Meter. Self-driven 


Sharpen your plans for needed 

and complete in itself, the Shuntflo Meter post-war equipment and methods 
This show can provide an ideal opportunity 
employs no clocks, electricity or mercury. for you to check your thinking on the prob- 
lems of modernization and transition to 
Rugged, low in cost and easy to install: peacetime economy .. . rebuilding after 
Victory. You can see many new products~ 
available for lines 1” to 14° some of them available for the first time 
. . » discuss new developments that wil 
affect power plant operation . . . decide on 
WRITE NOW FOR their practicability for your needs. You can 

i obtain direct answers to many questions~ 
answers whieh may shape your future plans 


NEW BULLETIN No. 349 sharper and clearer. 


Plan to attend the National Power Show 

seceereeseseseesssseesseses = this year, with as many of your associate 

Buiiders-Providence, inc., Providence 1, Rhode Island | as can be benefited. See for yourself the 

many interesting and informative exhibits 

Exchange up-to-the-minute experiences with 

other power engineers. Take back to yout 
job a new and revitalized outlook. 





Please send copy of your new Shuntflo Bulletin 349 
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X-ray pictures can be taken through 
pieces of steel a foot thick, using a new 
2,000 ,000-volt mobile X-ray unit developed 
in the Research Laboratory of the General 
Electric Company at Schenectady. Up to 
now the most powerful X-ray unit in gen- 
eral use has employed one million volts, 
more than fifty of which are now actively 
serving the war effort in the United States 
and abroad. 

In radiographing an 8-in. steel casting 
the two-million-volt outfit is 78 times as 
fast as the million-volt. Under one typical 
set of conditions cited, four and a half 
hours were required to make an exposure 
through this thickness with a million 
volts. Two million volts did it in three 
and a half minutes. For still thicker sec- 
tions the ratio is even greater. Two- 
million-volt X-rays make a satisfactory 
exposure through a foot of steel in about 
two hours when the Type A X-ray film is 
used, at a distance of three feet from the 
end of the tube. For practical purposes 
such a thickness is opaque to million-volt 
X-rays. 

Even though the new unit weighs 5000 
lb, it is mobile in the sense that it can 
readily be moved by crane and positioned 
at any angle by push-button control of 
fractional horsepower motors. Steel cast- 
ings of the thicknesses for which it would 
be used might weigh hundreds of tons and 
where such masses are handled a two and 
a half ton X-ray outfit is relatively 
light. 

Like that of one million volts, the new 
unit makes use of a multiple-electrode 
tube, in which the electrons, starting from 
a heated filament at the top, are speeded 
in stages until they have the total rated 
energy. After they attain full speed, 
which for two million volts is about 179,- 
000 miles per second or 96 per cent of the 
velocity of light, they strike a copper- 
backed tungsten target at the end of the 
tube and X-rays are generated. These 
may either be squirted from the end, like 
water from a hose, or sprayed from the 
side. After penetrating the metal speci- 
men, they fall on photographic film which 
makes the radiograph. 

In the million-volt outfit the electrons, 
on their way to the target, were speeded 
to twelve steps, but the new tube 
has 24, averaging 83,500 volts at each 
Stage. Construction of the tube was made 
Possible by the use of rings of fernico be 
tween the sections of glass. Fernico is an 
alloy which expands with heat the same as 
glass, and so the metal and glass can be 
fused directly together. 

High voltage is supplied by a resonance 
transformer which has no iron core and 
the X-ray tube is placed at its axis. Both 
tube and transformer are in a closed metal 
tank, 5 ft in diameter and 8 ft long, which 
Contains Freon gas for insulation. 

One trouble with X-rays of lower volt 
age is the great range between exposure 
times for metals of different thicknesses 
If the same specimen has one part that is 
thin and another that is several times as 
thick, it is not possible to expose correctly 
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Two-Million Volt X-Ray Unit 


for both at once. The thin parts must be 
built up to make the exposure the same 
throughout. Need for this method is 
eliminated with the million-volt outfit, 
and to an even greater extent with two 
million volts. Even though the rays are 
able to penetrate very thick specimens, 
they will still not overexpose sections con- 
siderably thinner. Excellent radiographs 
may similarly be taken through objects 
made of different materials, some of which 
are much more opaque to X-rays than 
others. 

Another advantage of the high-voltage 
rays is that the machine may be placed far 
back from the specimens and a large area 
sprayed with X-rays as powerful as from a 
lower voltage tube much closer which 
would cover only a very small area. Thus, 
even with smaller pieces of metal that do 
not require their great penetrating power, 
high-voltage X-rays are advantageous. 

Placing the X-ray tube at a distance 
from the pari being radiographed also in- 
creases the accuracy of the pictures by re- 
ducing distortion. The rays spread out 
from the target-like light from a candle. A 
defect in a casting that is close to the film 
will appear in its actual size, while one that 
is considerably nearer to the tube will be 
enlarged. But when the X-ray generator 
is well back, both will record correctly. 
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To Rebuild Dnieprostroi 
Development in Russia 


International General Electric will sup- 
ply nine 90,000-kva generators for the 
U.S.S.R. Dnieprostroi hydroelectric plant. 
These huge generators, already under con- 
struction at Schenectady, will give the 
famous plant a 15 per cent greater output 
capacity than it had originally. 

The new generators will replace those 
partially destroyed by the Russians when 
they retreated before the Germans in 1941 
The original generators for the plant, 
which was completed in 1933, were rated 
77,500 kva and 88.2rpm. The new 90,000- 
kva units will operate at 83.3 rpm. This 
decrease in speed, coupled with the in- 
crease in kilovolt-amperes, results in an 
equivalent increase in size of 21 per cent. 
They will be the largest generators in 
diameter and total weight ever built. 

Hydraulic turbines for the station are 
being built by the Newport News Ship- 
building and Dry Dock Co. Each of these 
water wheels will be capable of developing 
100,000 hp. 

The Dnieprostroi Dam, a reinforced 
concrete structure across the Dnieper 
River at Zaporozhe, was blown up by the 
Russians in August, 1941, when the Nazis 
invaded that section of the country. The 
Germans spent more than a year in repair- 
ing it and eventually got some power from 
the station. But late in 1943 when the 
Russians drove the invaders out of the 
Ukraine, the Germans completed destruc- 
tion of the station and the dam. 
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Get the help you need by installing a Beaumont Birch “Vac-Veyor” 
pneumatic ash handling system. Labor is saved; cleanliness effected. 
System time-tested. Low first cost. Low operating cost. Installation as 
flexible as running a pipe line. Minimum critical materials required. 
Two sizes, two types—for delivering ashes either dry or damp. 





For details — write! 


BEAUMONT BIRCH COMPANY 


1505 RACE STREET 


PHILADELPHIA, PA 


DESIGNERS « MANUFACTURERS + ERECTORS OF COAL AND ASH HANDLING SYSTEMS 
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REVIEW OF NEW BOOKS 


Any of the books reviewed on these pages may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





Thermodynamic Charts— 
Second Edition 


By Frank O. Ellenwood and Charles 
O. Mackey 


Those who have used the charts pre- 
pared by these authors in their earlier edi- 
tion can attest to the convenience of hav- 
ing such a wide range of steam conditions 
represented graphically in charts only 8” 
< 10” in size. An index chart permits the 
user to readily locate the chart number 
covering the steam conditions with which 
he is working. The indexed steam charts 
cover the absolute pressure range from 
0.20” Hg to 5500 psi, from wet vapor of 
20 per cent moisture content to super- 
heated steam up to 1000 F. A special 
chart covers low-quality steam. 

Two charts on water, which have been 
redrawn in an improved form for the second 
edition, are of great convenience to those 
dealing frequently with heat content and 
specific volume of hot water at various 
pressures. 

The book contains 46 pages of text and 
tables. Nearly one-half of the book is de- 


voted to ammonia, freon-12 and psycho- 
metric charts; examples of use of charts; 
velocity tables for ideal nozzles; squares 
of numbers and common logarithms. 
Bound in maroon buckram, size 8'/, X 11. 
Price $2.75. 


Proceedings of the 38th Annual 
Meeting—Smoke Abatement 
Association of America 


This publication comprises some twenty 
papers and several addresses presented 
before the 38th Annual Meeting of the 
Smoke Abatement Association of America 
held at Detroit, June 6-9, 1944. The top- 
ics covered in these talks comprise almost 
every aspect of the smoke abatement prob- 
lem, ranging from fuel conservation to 
meteorological factors. Fly Ash Collec- 
tion and Control and Overfire Air are sub- 
jects which appear in many of the papers, 
and Smoke Abatement from the stand- 
point of railroad operation is also amply 
covered. The discussions which followed 


the presentation of these papers are also 
given. 

The book comprises 150 typescript 
pages, printed on one side only, and js 
bound with paper covers. Price $2.00, 


Technologists’ Stake in The 
Wagner Act 


By M. E. McIver, H. A. Wagner and 
M. P. McGirr 


In view of an apparent increased inter. 
est in collective bargaining on the part of 
certain groups of technologists who, at the 
same time, are opposed to representation 
by labor unions, the authors, under the 
sponsorship of the American Association 
of Engineers, have attempted a full expla- 
nation of the Wagner Labor Relations Act 
and the rights of technologists under the 
Act. 

Its administration by the National 
Labor Relations Board is discussed and 
various interpretations are cited. From 
these it would appear that the Board is’in- 
vested with broad discretion in determin. 
ing what constitutes employer domination 
in individual cases and in defining super. 
visory employees. Moreover, the fune- 
tions of the Board are compared with those 
of the War Labor Board. The text is re 
plete with questions and answers and a 
large number of decisions are cited. 

The book comprises 252 pages, plus a 
bibliography, size 6 X 9 in.; price $2. 


What good is 
a Coal Valve 
that sticks? 


eliminate this common problem. They operate easily at all 
times, whether they are in constant operation or merely 


( ) ( stand-by use. If you want a Coal Valve that 


works ask S. E. Co. Write today... addres 
CONICAL Non-Segregating Coal Distributors * ENGINEERING co. $.£. Co. Coal Valves and Coa! Scales 


Coal Valves are often left in one position for many days... 
sometimes weeks and months. Moisture and sulfur, always 
present in coal, cause deterioration of valve 
perts to a point where operation of the valve is 
difficult—and sometimes impossible. 8. E. Co. 


valves are designed arid constructed so as to 


inquiries to STOCK ENGINEERING COM- 
PANY,713 Hanna Building, Cleveland 15, Ohio. 
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N extensive program has been arranged 

for the Sixty-Fifth Annual Meeting 
of the American Society of Mechanical 
Engineers, at the Hotel Pennsylvania, 
New York, extending from Sunday, No- 
vember 26 through the following Friday. 
There will be morning, afternoon and 
evening sessions, approximately sixty in 
all, with from two to four papers per ses- 
sion, and numerous luncheon and dinner 
meetings. 

All day Sunday and Monday morning 
will be given over to meetings of Council, 
various committees and section delegates, 
and the annual Business Meeting is sched- 
uled for 4 p.m. Monday. 

Aside from technical subjects there will 
be several papers, under the auspices of 
the Management Division, dealing with 
the employment of returning service men 
(Monday evening) and their education 
(Thursday evening). 

As usual, aviation is allocated a substan- 
tial part of the program, ranging from a 
session on helicopters (Monday evening) 
to the application of gas turbines and jet 
propulsion for airplanes on Thursday 
morning. Post-war aviation will be dis- 
cussed Wednesday afternoon. 

Also, the gas turbine as applied to lo- 
comotive drive will be the subject of two 
papers Wednesday afternoon. < 

The Annual Dinner is scheduled for 
Wednesday evening at which honors and 
awards for 1944 will be conferred. Hon- 
orary membership will be bestowed upon 
Charles M. Allen, professor of hydraulic 
engineering at Worcester Polytechnic 
Institute; Major General Levin H. Camp- 
bell, Jr., Chief of Ordnance, U. S. Army; 
Vice Admiral Emory S. Land, Chairman, 
U.S. Maritime Commission; Gano Dunn, 
President of J. G. White Engineering Cor- 
poration; and Sir Standen L. Pearce, En- 
gineer-in-chief of the London Power Com- 
pany. 

That part of the technical program of 
special interest to power men includes the 
following papers: 


Monday, 8 p.m. 


“Discussion of Photographic Analysis of 
Furnace Performance,”’ by representa 
tives of several companies. 

“Locomotive Firebox Photographic Analy 
sis,” by Walter Leaf, Denver & Rio 
Grand Western Railroad. 

“Some Thermal Effects in Oil-Ring Jour 
nal Bearings," by R. A. Baudry, West- 
inghouse Elec, & Mfg. Co 


Tuesday, 9:30 a.m, 


“Coefficients of Herschel Type Cast-Iron 


Venturi Meters,"" by W. S. Pardoe, 
University of Pennsylvania. 
“Piping Arrangements for Acceptable 


Meter Accuracy,” by R. B. Sprenkle, 
Bailey Meter Co. 

“Axial Vibration of Turbine Disks,” 
by Arthur M. G. Moody, De Laval 
Steam Turbine Co. 

“A General Method for Calculating the 
Critical Speeds of Flexible Rotors," 
by M. A. Prohl, General Electric Co. 

“Prediction of Centrifugal Pump Perform- 
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ance,” by R. J. S. Pigott, Gulf Research 

& Development Co. 

“A Study of the Theory of Axial-Flow 
Pumps,” by George Wislicenus, Worth- 
ington Pump & Machinery Corp. 

“Ignition Through Fuel Beds of Traveling 
or Chain-Grate Stokers,” by E. P. 
Carman and W. T. Reid, U. S. Bureau 
of Mines. 

‘‘Handling and Burning Fuels on Board 

American Ships,” by David Schoenfeld, 

Combustion Engineering Co. and G. P. 

Haynes, Todd Ship Yards Corp. 


Tuesday, 2:30 p.m. 
Symposium on ‘‘Future Trends of Fuel’”’ 
Tuesday, 8 p.m. 


*‘Mobile Power Plants,”’ contributed by 
U. S. Navy. 

‘Boiler Nozzles and Valve Inlets for High 
Capacity Safety Valves,” by E. K. 
Falls, Clarkson College, and Peter A. 
Ibold, Manning, Maxwell & Moore. 

“External Corrosion of Furnace Wall 
Tubes,” (1) History and Occurrence, 
by W. T. Reid, U. S. Bureau of Mines, 
R. C. Corey and B. J. Cross, Combus- 
tion Engineering Co.; (2) Significance 
of Sulphate Deposits and Sulphur- 
Trioxide in Corrosion Mechanism, by 
R. C. Corey, Combustion Engineering 
Co. and W. T. Reid, U. S. Bureau of 
Mines. 


Wednesday, 9:30 a.m. 


Symposium on “‘ Dust Collection” 
Boiler Feedwater Studies 

“Silica Disposition in Steam Turbines,” 
by F. G. Straub and Hilary A. Grab- 
owski, University of Illinois. 

“History of Potassium Treatment at 
Springdale Station,” by L. E. Hanki- 
son and M. D. Baker, West Penn 
Power Co. 

“Experience With Potassium Treatment 
at Montaup Station,” by George V. 
Parks, Montaup Electric Co. 

“Experience With Potassium Treat- 
ment at Windsor Station” by W. L. 
Webb, American Gas & Electric 
Service Corp. 

“Efficiency of Extended Surface,” by 
Karl A. Gardner, The Griscom-Russell 
Co. 


HN ednesday, 2:30 p mt 


“Tube Spacing in Finned Tube Banks,” 
by S. L. Jameson, General Electric Co. 

“‘A General Correlation of Friction Factors 
for Various Types of Surfaces in Cross 
Flow,” by A. Y. Gunter and W. A. 
Shaw, Alco Products Div., American 
Locomotive Co. 

‘Air-Cooled Steam Condensors,” by R 
A. Bowman, Westinghouse Elec. & 
Mfg. Co. 


Thursday, 9:30 a.m. 


“Practical Aspects of Feedwater Treat- 
ment for Locomotive Use,” by T. H. 
Hislop, New York Central System. 

“Carryover in Locomotive Boilers,” by 
Arthur Williams, Superheater Co. 





Thursday, 2:30 p.m. 


“Disk Extended Surfaces for High Heat 
Absorption Duty,” by G. E. Tate and 
John Cartinhour, Foster Wheeler Corp. 

*‘Heat Flux Patterm in Fim Tubes Under 
Radiation and Relative Efficiency of 
Fin Tubes in Convection Zone,”” by A. 
R. Mumford and E. M. Powell, Com- 
bustion Engineering Co. 


Thursday, 8:00 p.m. 


Symposium on “Metallurgy of Marine 
Engineering.” 

“High-Speed Heating, Fuel-Fired Tech- 
niques and Their Possibilities” by F. O. 
Hess, Selas Corporation of America. 

“Induction Heating Techniques, With 
Frequency Analyses and Notes on High 
Power Concentrations,” by Wesley M. 
Roberts, Radio Corporation of America. 


Friday, 9:30 a.m. 


Panel Discussion on “Measurements of 
Heat Absorption in Furnaces’—Eight 
speakers on boiler furnaces and four on 
industrial furnaces. 

“Graphitization of Low Carbon and Low 
Carbon-Molybdenum Steels,” by H. J. 
Kerr and F. Eberle, Babcox & Wilcox 
Co. 

“*Progress Report on Graphitization of 
Steam Lines,” by S. L. Hoyt and R. D. 
Williams, Battelle Memorial Institute 


Friday, 2:30 p.m. 

“Investigation of Graphitization at De- 
treit,”” by R. M. Van.Duzer and Ar- 
thur McCutchan, The Detroit Edison 
Co. 


Recovery of Coal From Mine 
Refuse 


At least one ton of mine refuse is pro- 
duced for each ten tons of bituminous coal 
marketed in the Pittsburgh area, accord- 
ing to an investigation by the U. S. Bureau 
of Mines. The ratio at mechanized mines 
ran as high as one ton of refuse for every 
three tons of coal whereas with hand- 
loading operations, the ratio was about 
1 to 20. This refuse comes from falls of 
roof, cleaning-up operations and material 
that has been rejected in hand picking. 
Some of the mines in the Pittsburgh area 
already are recovering coal from such ref- 
use, while many others are not 

The Bureau estimates that it would be 
possible to recover about a million tons of 
usable coal from this source annually in 
this area and additional proportionate ton- 
nages in other large coal- producing centers. 
Hand picking by unskilled labor or re- 
covery by coal- washing equipment are the 
methods suggested. 

Bearing out this contention, engineers 
of the Bureau recently sampled a load of 
nearly 17,000 lb of typical refuse fresh 
from the mine and found that it contained 
more than 2500 Ib of coal suitable for in- 
dustrial use. 
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SAFETY 


and 


RELIEF VALVES 


@ Farris valve designs are based on actual field experi- 


ence and requirements... built for the service, not adap- 
tations of other designs to suit another condition . 


special patterns for sound castings. 


Sensitive for immediate response and close regulation 
because of careful design alignment. Full flow valve bodies 


with large passages to minimize back pressures. 


Precision machine tolerances to gauges . . . rigorously 
inspected and thoroughly tested . . . fully guaranteed in 


every respect. 


Many thousands in use on U. S. naval and merchant 


marine vessels and in stationary installations. 


Every type ... for every purpose ... to all code require- 
ments, including Navy, ABS, and other applicable speci- 


fications. Open and enclosed springs . . . portable pops, — 


boiler safeties, liquid reliefs for all liquids, packed and 
unpacked types. ’ 


@ Sizes 1%’ to 8’... pressures to 600 pounds. 


BULLETIN ON REQUEST ... write for authoritative 


recommendations and complete information without obligation. 


FARRIS ENGINEERING COMPANY 
Palisades Park, N. J. 











New Officers of American 
Welding Society 


Officers of the American Welding §o. 
ciety who were installed at the Annual 
Meeting held in Cleveland, Ohio, October 
16 to 19, are: 

President, A. C. Weigel, vice president, 
Combustion Engineering Company, Inc, 
New York; First Vice President, Isaac 
Harter, vice president, The Babcock & 
Wilcox Company, Barberton, Ohio; Sec. 
ond Vice President, Dr. W. F. Hess, As. 
sistant Professor in Metallurgical Engi- 
neering, Rensselaer Polytechnic Institute: 
Treasurer, O. B. J. Fraser, Director of 
Technical Service on Mill Products, In- 
ternational Nickel Company, New York: 
Secretary, M. M. Kelly, Society Head- 
quarters. 


President A. C. Weigel 


Directors of the Society taking office 
were: Roger W. Clark, Welding Engineer, 
General Electric Company; L. W. Delhi, 
Vice President, Western Pipe & Steel 
Company, San Francisco, Calif.; J. F. 
Lincoln, President, Lincoln Electric Com- 
pany, Cleveland, Ohio; H. Malcolm 
Priest, Engineer of the Railroad Research 
Bureau, United States Steel Corporation 
Subsidiaries. 


Slight Downward Trend in 
Electric Output Indicated 


Peak demands of the principal electric 
utility systems in September of this year 
reached 36,319,373 kw which was a gain ol 
41,000 kw over the preceding month and 
approximately 3.5 per cent over the figure 
for September 1943. However, prelimi 
nary figures issued by the Federal Power 
Commission show the total September 
1944 output of 18,468,061,000 kwhr to be 
about a billion kilowatt-hours under those 
of August and 0.7 per cent under Septem- 
ber 1943, thus indicating that a downward 
trend has set in, if seasonal demands be 
excluded. The Commission's estimate for 
the total 1944 output is approximately 226 
billion kilowatt-hours with a Decembef 
peak of nearly 38 million kilowatts. 

The rated generating capacity as of 
September 30, 1944, was 50,163, 194 kw. 
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NEW CATALOGS 
AND BULLETINS 


Any of these publications will be sent on request 


offers as accessories for the Reeves Vari- 
able Speed Control units. Mechanical 
and electrical types are illustrated with 
line cuts and photographic halftones. 











Refractories 





Air Filters 


Air Devices, Inc., has issued an attrac- 
tive 16-page bulletin (AF 44-1) describing 
its line of AGITAIR Air Filters for air 
conditioning, ventilating, heavy-duty in- 
dustrial, and grease removal applications 
The bulletin is generously illustrated and 
gives engineering data for its various types 
of filter units. AGITAIR Diffusers and 
Exhausters are also briefly described. 


The Bowes Drive 


The Elliott Company has issued an il- 
lustrated 4-page folder on the new engine 
type nonreversing Bowes Drive which com- 
prises a new electric device for the reduc- 
tion of speed between high-speed prime 
movers and drive shafts. The Bowes 
Drive is built in two types, reversing and 
nonreversing, by Elliott Company as li 
censee. Its immediate application is for 
ship propulsion where (by wholly elec 
trical means) the speed of modern prime 
movers is reduced to the lower speeds re 
quired for efficient propeller operation 
The unit also provides power for auxiliary 
service loads through slip ring take-off cit 
cuits, and can be used as a source of elec 
trical power for cargo handling when dis 
engaged from its primary job of speed re 
duction. 


Ion Exchangers 


Infilco Incorporated has issued a 12 
page bulletin (No. 1960) featuring its line 
of sodium, hydrogen and anion exchangers 
The use of the various ion exchangers are 
described and typical installations of ex 
change equipment are illustrated by dia- 
grams and photographic halftones 


C-E Spreader Stoker 


Combustion Engineering Company has 
issued a revised 16-page catalog (No. SS-3 
featuring the salient design, drive and 
operational features of the C-E Spreader 
Stoker. This new edition contains many 
new detail and installation views, also 
additional application arrangements and 
anew page on marine application 


Bursting Pressures of Seamless 
Steel Tubing 


Globe Steel Tubes Company has is 
sued a 24-page bulletin (No. 112) tabulat 
ing the bursting pressures of seamless 
Steel tubing from '/s in. to 9°/s in. O.D. as 
calculated from Barlow's formula. Tech 
tical service on tubing problems is also 
Mentioned in this handy booklet. 
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Harbison-Walker Refractories Com- 
pany has issued a colorful 8-page bulletin 
featuring its H-W fireclay refractories 
produced from the flint and plastic clays 
of the Kentucky-Southern Ohio district. 
H-W insulating firebrick and high-tem- 
perature bonding mortars produced in an- 
other locality are also described , 
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Tachometers 





Reeves Pulley Company has issued an 
8-page bulletin (G-448) which illustrates 
and describes the speed indicating and 
speed recording Tachometers which it 
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@ COMPLETE stocks of steel and 


boiler tubes await your call. Boiler 







fittings, tools and emergency repair 
















equipment also are carried in stock 












...for immediate delivery 

If you're unacquainted with 
Murray warehouse service, why not 
favor us with your next inquiry? 


We've been serving steel and tube 






buyers for ninety-nine years. Write 
for Stock List. 











Buy Bonds — to speed Victory 


A B MURRAY 


644 GREEN LANE 
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A COPY OF CATALOG GIVING FULL DESCRIPTION AND ENGINEERING DATA SENT UPON REQUEST. 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD. 


for POWER PLANTS 


and all Heavy 
Industries 


STUDS ¢ BOLTS © NUTS 


Heat and corrosion resist- 
ing metals and high 
strength alloy steels. 
Alloy steel studs, bolts and 
nuts for high pressure uses 
stocked for immediate ship- 
ment. 


Let us quote on your 
requirements. 
Write for Catalog 


Write for complete catalog! 


VICTOR PRODUCTS CORP 


2645 Belmont Ave . cago, III 
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